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Abstract: Tracheobronchial surgeries require close cooperation and extensive communication between the
anesthesia providers and the surgeons. Anesthetic management of tracheal and bronchial pathologies differ
basically from regular upper airways management, due access to the patients airway is limited, mostly even
practically impossible for the anesthesia providers. As a consequence, the surgeon overtakes responsibility
for the airway access from the anesthesia provider in the variety of the cases. Preoperative recognition of a
difficult airway, detailed planning and being aware of plan B and plan C are the elementary keys to success.
Providers have to be aware, that preoperative airway assessment does not always correlate with the ease of
oxygenation and ventilation. Therefore, various methods have been described in the literature and several
authors have adopted unique ways to manage the airways in a successful manner. With the advancement of
surgical techniques over the years, anesthetic management has also evolved tremendously to match the needs.
The commonly encountered conditions requiring surgical interventions include post-intubation stenosis and

foreign body aspiration. In this review we will discuss the most common pathologies of tracheobronchial

lesions and specific anesthetic management considerations related to them.
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Introduction and background

Anesthesia for tracheobronchial surgeries has always been
challenging. Despite the anesthetic and surgical refinements
there are still no randomized trials comparing various
methods of anesthetic management among these surgeries.
Anesthesia for tracheobronchial surgeries is especially
challenging, as anesthesia provider and surgeon share a
common area of intervention. Therefore, close and effective
communication between the anesthesia and surgery
partners is essential. Over the years, numerous attempts

have been made to improve the practice and several
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sophisticated technical approaches have been defined for
various complex surgeries and diagnostic procedures.
Advance planning, meticulous check-lists for anesthesia
equipment, anticipation of possible complications, and good
communication as well as coordination between the teams
involved are the key components to design a successful
anesthetic plan.

The most common pathologies that require
surgical intervention of the airways are post-intubation
complications (accounting for 75% of cases) (1), neoplasms
of the lungs or the airways and congenital airway anomalies.

The common patient characteristics presenting with
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Anesthesia for tracheobronchial surgery
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Figure 1 A short overview of tracheobronchial procedures.

tracheobronchial pathologies are either elderly with
comorbid illness, compromised airways with tumors (post
radiotherapy) or alternatively young patients with acute
airway obstruction resulting from foreign body inhalation.

This review will provide an overview of safe anesthetic
practices evolved over time for tracheobronchial surgeries
and of the unique preparations required by anesthesia
providers. Upper and lower tracheal surgeries require
different approaches since algorithms pertaining to difficult
airways do not apply once pathologies are distal to the vocal
cords (2). The anticipated technical difficulties associated
with these surgeries can be overcome by diligent pre-
operative preparation.

This review will describe the anesthetic management
of the various surgical procedures of the tracheobronchial
airway, as described in Figure 1.

Tracheal anatomy and pathophysiology

The origin of the trachea is defined as the inferior aspect
of the cricoid cartilage at the approximate level of the
sixth or seventh cervical vertebra. Various factors like
obesity, flexibility of neck, body habitus and kyphosis
may change the position and mobility of the trachea. The
trachea maintains its structure with the rigid support of
18 to 24 C-shaped cartilaginous rings while the posterior
wall of the trachea is constructed of a membranous band
that lacks cartilaginous support. The distal margin of the
carina bifurcates into the left and right main bronchi at the
approximate level of the fifth thoracic vertebra. The trachea
is classically divided into:
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(I) Extra-thoracic trachea, above the suprasternal notch,
which comprises approximately a 1/3 of its total
length;

(II) Intra-thoracic trachea, extending from the
suprasternal notch till the carina, accounting for the
remaining 2/3 of its total length.

Freitag and colleagues have classified the causes of

tracheal stenosis as either structural or dynamic (3).

% Structural (or fixed, intraluminal) stenosis occurs
due to all types of exophytic intraluminal malignant
or benign tumors and granulation tissue; extrinsic
compression; narrowing due to airway distortion,
kinking, bending, or buckling; and shrinking or
scarring (e.g., post-intubation stenosis).

% Dynamic (or functional) stenosis is caused by a
triangular-shaped or tent-shaped airway, in which
cartilage is damaged, or alternatively an inward
bulging of the posterior membranous wall (4).

The neoplastic growth usually follows a circumferential
pattern, but resection along the same pattern is usually
avoided during the surgery (5). The trachea is well supplied
by the internal thoracic, intercostal and bronchial arteries
through its lateral wall and might be vulnerable to ischemia
during surgery.

The normal negative intrapleural pressure helps in
providing stenting effect to the trachea and this effect is lost
when the spontaneous respiration gets abolished with the
induction of anesthesia.

Respiratory symptoms such as exertional dyspnea usually
become evident once the tracheal lumen narrows to half its
original diameter (6). Inspiratory stridor at rest indicates
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Table 1 Major etiologies for tracheobronchial pathologies necessitating surgical interventions

Insult

Etiologies

Post-intubation stenosis
Post-tracheostomy

Injury

Benign neoplasms

Malignant neoplasm

Chronic inflammatory disease

Infectious

Too large tube, overinflated cuff—transmural injury causes cicatricial healing

Persistent compression leads to ischemia, ulceration, perichondritis and chondritis, stomal stenosis
Inhalational injury, penetrating or blunt external trauma, Irradiation, burns, intubation-related arytenoid injury
Respiratory papillomatosis, carcinoid tumor

Primary: adenoid cystic and squamous carcinoma. Secondary: thyroid carcinoma, metastatic carcinoma
Amyloidosis, sarcoidosis, relapsing polychondritis, Wegener’s granulomatosis

Mycobacterium tuberculosis

Reflux disease Primary stenosis/restenosis
Miscellaneous
Bronchial tumors

Foreign body aspiration

Saber sheath trachea, circular tracheal rings, tracheomalacia, vascular anomaly
Adenoma, adenocarcinoma, squamous cell carcinoma, neuroendocrine, carcinoid

Altered mental status, trauma, dental procedures, advanced age, impaired cough reflex

severe reduction in tracheal diameter.

The major pathologies and their most common etiologies
are detailed in Table 1. The most common indication for
tracheal surgery is tracheal stenosis, with post-intubation
stenosis being the most prevalent etiology. Prolonged
compression of the tracheal mucosa by an overinflated cuff
or an oversized endotracheal tube may cause obliteration
of mucosal blood supply further leading to ischemia,
ulceration, and the formation of granulation tissue and
fibrosis causing contracture. As a clinical consequence, it is
advisable to maintain cuff pressure below 30 mmHg (7).

General considerations in pre-operative
assessment

Preoperative assessment of the airway does not always
correlate with the ease of ventilation and, therefore, the
practice of managing airways varies among experts. The
location of the stenosis could be divided into three regions:
upper third, middle third, and lower third of the trachea.
Detailed medical history and physical examination with
special consideration to airways and pulmonary systems,
recent respiratory tract infections, exercise tolerance,
patients preferred positions without short of breath,
amount of pulmonary secretions and previous endotracheal
intubations as well as demand of oxygen during the
day at several activities should be noted. Neck mobility
examination prior to surgery is essential as it is reported
to facilitate both intra-operative exposure and post-
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operative healing (8). History of chronic steroid exposure
and radiation therapy is important as it can interfere with
wound healing and may cause wound dehiscence (9).

Clinical signs and symptoms remain the most important
set of information for evaluating a patient for tracheal
surgeries. Nevertheless, the gold standard for evaluation of
stenosis is formal bronchoscopy (10). The severity of airflow
resistance correlates to the 4™ power of the tracheal radius,
assuming laminar flow (resistance a radius®, Poiseuille’s
Equation). The pattern of dyspnea (or stridor) can be
helpful in localizing the site of stenosis. Stridor and cyanosis
are late signs and usually indicate near-total obstruction.
The positions that alleviate or worsen airway obstruction
are of crucial importance for the anesthesia provider and
may become lifesaving during unexpected anesthetic events.
Radiologic imaging is useful adjunct in assessing airways.
Stenosis quantification done by CT scans and bronchoscopy
have almost comparable results (11-13).

Pulmonary function tests might be helpful in predicting
the likelihood of post-operative ventilatory dependence in
the setting of pulmonary dysfunction and in monitoring
the progress of obstruction after treatment (14-16). The
clinical relevance of flow volume loops is questionable.
Although not considered as a good predictor during usual
preoperative evaluation, they might aid in identification of
the inspiratory and expiratory irregularities or cause (fixed
or dynamic obstruction) of tracheal stenosis (17).

Fixed/intraluminal stenosis causes decrease in the flow
and plateau parts of both the inspiratory and expiratory
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Table 2 Different methods of ventilation for tracheobronchial interventions, relevant mechanism and main advantages

Ventilation mode

Mechanism

Advantages

Intermittent positive
pressure ventilation

(IPPV)

Jet ventilation

High intrathoracic pressure

Supraglottic, glottis or subglottic, delivered via a narrow
cannula attached to a laryngoscope or bronchoscope

Inhaled anesthetic can be delivered; controlled
respiratory rate and preset tidal volumes, CO,
elimination; better monitoring with EtCO,

Airway stays free for surgeon, allows oxygenation and
reasonable ventilation with no tracheal instrumentation

Better tolerated in intrathoracic lesions

Spontaneous Negative intrapleural pressure helps stenting the airways
ventilation
ECMO/CPB Veno-venous or veno-arterial

Usually a final rescue option

ECMO, extracorporeal membrane oxygenation; CPB, cardiopulmonary bypass.

limbs of the flow-volume loop, whereas extrathoracic
obstruction usually only influences the flow in the
inspiratory limb.

General intraoperative considerations

The overall anesthetic goal is to maintain a patent airway,
allow maximal surgical exposure, and have the patient fully
awake and cooperative at the end of surgery.

The therapeutic options available for tracheal
pathologies are tracheal reconstruction, laser or electro-
cautery excision, tracheal dilation and stenting. The method
of ventilation depends on the level of lesions and degree
of airway obstruction, as detailed in 7able 2. Spontaneous
ventilation is better tolerated in intrathoracic lesions (18).
This allows the patient to maintain airway patency using
muscle tone and respiratory efforts.

The apneic oxygenation as described by Patel under the
name of THRIVE (19) may well play an important role in
the future, where the inner lumen of the trachea remains
open enough. This oxygenation technique needs proper
validation in the context of tracheobronchial surgery.

Anesthesia management of anterior mediastinal
masses (AMMs)

AMMs can be benign (thymoma, cyst, thyroid mass,
cystic hygroma) or malignant (thyroid/thymic carcinoma,
lymphoma).

These masses often encroach on and exert pressure
effects on the middle mediastinum causing severe
respiratory and cardiovascular compromise leading to

death (20,21). Although mortality pertaining to surgery and
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anesthesia is considered low, AMMs can cause compressive
symptoms that might be life threatening, further
exacerbated by general anesthesia. Mortality directly related
to AMMs is reported as higher in the pediatric age group,
possibly due to the compressible nature of the cartilaginous
airways (22,23). New imaging modalities have almost
eradicated the use of general anesthesia for diagnostic
purposes.

Pre-anesthetic assessment involves focused history
with special attention to local symptoms related to the
mass and its pressure effects on intrathoracic organs.
Superior vena cava obstruction requires special attention.
Severe symptomatic superior vena cava syndrome (usually
manifested as facial and upper extremities edema) may
require cardiopulmonary bypass or extracorporeal
membrane oxygenation cannulation prior to induction and
good venous access in the lower extremities (24).

CT imaging may provide vital information, including the
site and severity of the mass effect as well as its relationship
to the airway. General anesthesia causes reduction in
functional residual capacity, relaxation of smooth muscles
and loss of spontaneous diaphragmatic movements, all of
which precipitate decrease in transpleural pressure gradient
and, thereby, promote airway and vascular collapse under
the AMM’s pressure (25). Spontaneous ventilation exerts
some protective stenting effect on the trachea, explaining
why imaging done during full consciousness cannot predict
airway or even vascular effects seen once the patient is
exposed to general anesthesia, and more so to muscle
relaxants (25).

Echocardiogram is mandatory for patients with suspected
cardiovascular collapse. Flow volume loops used to be a part
of routine pre-anesthesia evaluation as a predictor of “variable
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intrathoracic airway obstruction” (25) but were shown to
have a limited correlation with airway obstruction (26).
Nevertheless, post-operative complications can be predicted
to some extent by two preoperative factors: tracheal
compression >50%, and peak expiratory flow <40% of
predicted value (27). Preexisting endocrine abnormalities,
prior exposure to chemo-radiation and associated
paraneoplastic syndromes must also be considered in the
setup of AMMs.

Patients with large AMMs that cross the midline require
sternotomy, and, therefore, placement of high thoracic
epidural prior to induction should be considered in order to
alleviate post-operative pain. Induction in a stepwise manner
coupled with strict hemodynamic monitoring to detect
early signs of cardiovascular collapse and intermittent blood
gas analyses are common practices. Optimal positioning is
crucial during induction. Dyspnea in the supine position
warrants an upright posture during induction.

"This strategy is helpful in stabilizing the patient and may
become lifesaving while seeking an alternative plan. Patients
with high risk of cardiovascular collapse may be maintained
on spontaneous ventilation and avoiding muscle relaxants
until definitive airway is established. This can be achieved by
the administration of inhalational agents or IV medications
such as propofol, remifentanil, dexmedetomidine (28)
and others. Judicious use of short acting muscle relaxants
and assisted ventilation with the aim of providing positive
pressure ventilation might alternatively be considered.
Awake fiberoptic intubation may be necessary if imaging
shows non-compressible tracheal lesions.

The following strategies should be considered in the
event of catastrophic airway or vascular collapse during
anesthesia:

(I) Posture change—optimal posture determined by

the preoperative evaluation;

(II) Ventilation via a rigid bronchoscope;

(III) Lightening the plane of anesthesia and awakening

the patient;

(IV) Emergent sternotomy and elevation of the mass.

Confirmation of dynamic airway compression using
fiberoptic bronchoscopy may also be considered if the
clinical situation allows.

To overcome severe cardiovascular compromise, the
use of cardiopulmonary bypass might be indicated (29).
It should be emphasized, though, that cardiopulmonary
bypass is hardly ever feasible if adequate preparations were
not done ahead of time. Therefore cardiopulmonary bypass
should not merely be considered as “on standby”, but
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rather cannulation should be performed, usually under local
anesthesia. Tubing should be primed before induction of
anesthesia, to be prepared for anticipated hemodynamic or
respiratory collapse.

Emergency management of tracheal stenosis

No definitive management is defined for the treatment of
stenosis. The most effective immediate solution for stenosis
includes endoscopic intervention by rigid bronchoscope and
simultaneous administration of steroids, oxygen, racemic
adrenaline and diuretics to decrease edema surrounding the
lesion and relieve obstruction.

Mechanical dilation by balloon dilators

This approach transiently improves oxygenation by
relieving the obstruction.

Tracheal dilation and stenting

The tracheal stenosis primarily follows circumferential
pattern of growth, therefore emergent airways techniques
like tracheostomy, cricothyroidectomies, trans-tracheal
ventilation would not be beneficial.

The primary aim of stenting is to provide symptomatic
relief in the conditions where the lesion is obstructing and
surgery is practically impossible to perform. Mediastinal
masses causing central airway obstruction may also benefit
with this intervention as stents serve as bridge to palliative
treatment. Providing anesthesia to this population is more
challenging as it requires increased attention to local
and systemic effects of malignancies like superior vena
cava syndrome, endocrine abnormalities, fibrosis from
previous radiotherapies, cardiovascular compromise from
chemotherapy (30). The important surgical steps involved
in tracheal stenting are identification of lesion, guide wire
placement, threading of balloon over the guide wire and
dilation of stenosis.

Lesions present below the vocal cords rarely
presents with difficult intubation because of tracheal
pathologies per se. However, distal lesion acts as dynamic
obstruction and interfere with expiratory flow leading
to “air trapping” of distal segments. Allowing adequate
expiratory time by keeping a threshold on inspiratory
pressures below 30 cmH,0 is a good strategy (31).

Tracheal stent itself is a stimulus to cause airway
obstruction. Coughing should be avoided as it may cause
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total obstruction. At presentation, patients should receive
supplemental humidified oxygen and maintain upright
position, this simple maneuvers helps to avoid coughing.

Surgical approaches involve the use of endoscopic
procedures. Maintenance of airways is crucial in both rigid
and flexible bronchoscope procedures. The use of both
rigid and flexible bronchoscope has been described in the
literature and both approaches.

Rigid bronchoscope insertion is preferable and quicker
to achieve as it has an advantage of secured airways with
good surgical exposure (31). Total intravenous anesthesia
involving the use of analgesics, hypnotics and anti-secretory
agents is preferred as volatile anesthetic delivery cannot be
guaranteed. There is always a risk of aspiration with the
use of rigid bronchoscope, so patients with full stomach,
hiatal hernias, morbid obesity should be weighed with
risks and benefits. Mouth guard should be used to prevent
injury. Rigid bronchoscope is inserted after complete
neuromuscular blockade and instillation of intermittent jet
ventilation via side port. The four basic ventilation methods
are (32):

(I) Spontaneous ventilation with inhalational
anesthetic along with topical anesthesia or nerve
block;

(II) Apneic oxygenation method (allows surgical
intervention for 3 minutes or longer) with or
without oxygen insufflation;

(IIT) Intermittent positive pressure ventilation (IPPV)
with bronchoscopic ventilation;

(IV) Jet ventilation during total intravenous anesthesia.

The complications associated with rigid bronchoscope
are: airway perforation, hypoxemia, hemorrhage, airway
edema. In patients where there is risk of potential airway
loss after the procedure it is always prudent to intubate a
patient with smaller ET'T after rigid bronchoscopy.

The use of local anesthesia and inhalational techniques
precipitate coughing and should be avoided (31). The most
crucial steps are placement of dilator and stents over the
stenosis. Newer expandable stents allows more room for the
manipulation and they open up when they are positioned
well in the stenosed segment.

A flexible bronchoscope can be threaded through the
endotracheal tube or the laryngeal mask airway (LMA)
where a rigid bronchoscope cannot be negotiated. The
ET can be placed under sedation and tip of tube should
be placed just above the stenosis. This approach involves
insertion of ventilatory conduits such as catheters through
stenosed segment. Stent placement may be difficult if the
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obstruction is distal and may complicate the surgical field
by tissue laceration, bleeding, and perforation.

During surgeries requiring the use of Nd:YAG
(neodymium-doped yttrium aluminium garnet) laser, the
inspired oxygen should be kept as low as possible (usually
oxygen should not exceed 30%) to prevent airways fires.

Tracheal reconstruction and resection

Advance preparation is the key for successful
management. Various size endotracheal tubes (cuffed
and un-cuffed), microlaryngeal tubes, emergency
cricothyroidotomies kits should be ready in the
cart. Standard ASA monitors are used and further
requirements depends on case to case basis and coexisting
comorbidities. Wide bore IV cannula in bilateral upper
limb is needed as upper extremities are usually tucked in
and are inaccessible for the anesthesia provider during
ongoing surgery. Ability to perform bronchoscopy and
jet ventilation instillation should be handy in “cannot
intubate” conditions (33). Blood pressure monitoring
is usually done by left radial artery catheterization and
pulse oximetry on the other side. Since the innominate
artery is close to the trachea, compression of the trachea
and subsequently the artery may cause conflicting
readings. Identification of brachiocephalic compression is
essential as confusion about actual hypotensive state and
compression of brachiocephalic vein can be distinguished.

Initially the patient is placed in extended neck position to
enable enough space for surgical manipulation and later on
changed to neutral position to exert minimal tension on the
anastomotic segment of trachea.

Maintaining adequate oxygenation and ventilations is
necessary during all surgical partial sections. The optimal
ventilatory approach is defined by the location of lesion in
the trachea.

Prolonged and adequate pre-oxygenation during obtained
spontaneous breathing and carefully titrated induction of
anesthesia is obligatory indicated. Assistance to generate
adequate tidal volumes is sometimes indicated during pre-
oxygenation and should be performed as carefully and as
convenient as possible for the patient.

Rigid bronchoscopic evaluation just after induction is
sometimes necessary to look for exact location of the lesion
to be resected, evidence of tracheomalacia and vocal cord
mobility (34).

Jet ventilation via bronchoscope allows surgeon to reduce
tissue load by serial dilation and restore the diameter of
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trachea which is followed by tracheal intubation. The potential
side complication is barotrauma and hypercarbia (32).
Total intravenous anesthesia is an acceptable approach with
intermediate acting muscle relaxant. Judicious use of small
titrated doses of opioids is advocated keeping in mind the
goal of extubation after surgery and in the same time provide
adequate analgesia.

The distal tracheal intubation technique is done when
upper and middle trachea surgery is planned. The ETT is
pulled back and the care must be taken not to puncture the
cuff when the incision is made by the surgeon. The distal
segment is intubated with another ETT inserted by surgeon
in sterile technique and confirmed by EtCO,. Care must be
taken to reduce the use of inhalational anesthesia as large
amount of leak is expected during “open airway portion”
of procedure to avoid anesthetic pollution. A laryngeal
mask can also be used before the trachea is opened. Gas
exchange during this time is performed in principle by one
of these techniques: (I) jet ventilation; (II) IPPV and distal
segment tracheal intubation; (III) manual ventilation; (IV)
extracorporeal membrane oxygenation or cardiopulmonary
bypass, which is performed in only high-specialized clinics.
Anesthesia is primarily maintained by intravenous method
during this phase.

Once the anastomosis is done and is ready to close, the
upper trachea is again intubated with a separate ET in
retrograde fashion. The cuff is positioned under fiberoptic
visualization in such a way that it is distal to the sutures
or site of lesion. Before complete closure, the surgical site
should carefully examined to detect any bleeding or leakage.

A rapid test can be to check any leak in the tracheal
anastomosis by deflating the cuff applying 30 cm of water
pressure to the breathing circuit and spilling saline over
the suture site. Look for bubbles as an evidence of air leak.
Guardian sutures are placed to prevent excessive hyper
extension of neck. Use of anti-emetic at this point would
be helpful in reducing nausea. After emergence the patient
neck should be in fully flexed position and positioned in
semi sitting posture and ETT is removed under fibroptic
visualization when the patient is fully awake. Supplemental
oxygen should be given.

Emergence from anesthesia is the most critical step.
Smooth extubation and prevention from coughing and even
extensive patients movement is strictly indicated.

Coughing and pressure effects of ETT on the
reconstructed segment have serious implications like
anastomotic failure. Placing the patient in head up and neck
flexed position with the help of guardian suture (suture
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between skin of mandible and chest) helps to improve
ventilation. Assessment of recurrent laryngeal nerve is
essential after surgery.

Lower tracheal and carinal resections may be more
conveniently approached by right thoracotomy. Arterial
blood pressure monitoring is essential for all thoracotomies
as it involves release of the right hilar ligament which can
cause compression of the cardiopulmonary system and
decreased perfusion pressure. The anesthetic management
is similar to upper tracheal lesions except the fact that
emergency surgical access to the airway is not possible. A
variety of airway devices can be used in an attempt to pass
the low obstruction, e.g., long single lumen tubes, bronchial
blockers and jet ventilation (35). Long lasting and/or
technically extensively challenging tracheal reconstructions
can be done on extracorporeal membrane oxygenation as it
ensures stable hemodynamics and oxygen supply (36), but
again is limited to highly specialized clinics..

Endobronchial tubes placed under fiberoptic guidance are
preferred to double lumen tubes as the latter are too bulky
to facilitate surgical procedure. Endobronchial jet catheters
may be placed via an ETT and if necessary, differential lung
ventilation can be achieved using two catheters.

Single lung ventilation is usually needed in order to
provide optimal surgical exposure. All patients undergoing
single lung ventilation usually have a variable level of
shunt. Independent lung ventilation can be utilized in cases
of continuous desaturation, but might interfere with the
surgical procedure. Other options include:

(I) Deflating the cuff of endobronchial tube and
blocking the nose and mouth while delivering large
tidal volumes;

(II) Placing an additional endotracheal tube high up in
trachea;

(III) A laryngeal mask can be placed after the
endotracheal tube is in place and provide a seal to
deliver sufficient tidal volumes;

(IV) Jet catheter can also be placed in the deflated lung.

Postoperative pain management is essential as the
thoracotomy itself is considered a large and painful
intervention (37). Thoracic epidural catheters are
commonly used for post-operative pain control. Judicious
use of systemic opioid agents is also possible, as long as
respiratory depression is avoided. Prolonged surgeries
requiring lower tracheal or carinal resection usually require
post op ventilation for up to 24 hours.

Patients with previous history of lower tracheal or carinal
surgeries who are undergoing other surgeries should usually

F Thorac Dis 2016;8(11):3431-3441



3438

be carefully intubated under fiberoptic guidance, to avoid
tissue damage or malpositioning due to altered anatomy.

Anesthesia for bronchial surgeries and
procedures

The advancement of diagnostic and therapeutic bronchial
procedures in recent years with more sophisticated navigation
capabilities, such as endobronchial ultrasound guided
fine-needle-aspiration and electro-magnetic navigation
bronchoscopy, has necessitated the development of modern
anesthesia management tools as well (33). These procedures
are usually performed in remote locations by their mere
definition, with their inherent anesthetic challenges of scarce
rescue and emergency resources. Another serious concern
is the usually impaired physical status of the patients. These
patients may suffer from severe co-morbidities including for
example bronchial tumors or chronic airway infections with
limited pulmonary function.

Another subset of patients that are indicated for urgent
bronchoscopy are young children and vulnerable adults
who present to emergency room with suspected foreign
body aspiration. The presenting symptoms can be stridor,
dyspnea, dysphagia, hemoptysis or signs of hypoxemia.
Imaging may reveal collapse or consolidation distal to the
foreign body or emphysematous distention.

Premedication in the form of anxiolytics should be
carefully considered in very anxious patients, and might
be especially important in the pediatric population. The
need for monitoring after anxiolytics should be assessed
and planned accordingly. Supplemental oxygen and anti-
sialagogues are routinely administered.

The different anesthetic alternatives for bronchoscopic
interventions are: (I) general anesthesia; (II) conscious
sedation; (IIT) monitored anesthesia care.

Preferred techniques for most of the prolonged
bronchial procedures are general anesthesia with total
intravenous anesthesia. Intermediate acting muscle relaxants
are indicated as the surgery requires introduction of a
bronchoscope through the vocal cords. Muscle relaxants
will also prevent excessive coughing and laryngospasm.

Anesthesia for bronchial sleeve resection

This procedure involves removal of a circular sleeve in
the main bronchus leaving lung parenchyma intact, and is
considered for patients with insufficient cardiopulmonary
reserve indicated for pneumonectomies. As previously
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mentioned, pulmonary function tests might predict post-
operative ventilatory dependence (14). Double lumen tubes
or bronchial blockers are the common devices used for lung
isolation. The “Open lung” approach warrants the need
for thoracic epidural for post-operative pain management.
If a video-assisted thoracoscopic surgery is planned,
paravertebral block can be considered (38).

Anesthesia for Inhaled foreign body

This is the leading cause of accidental death in the
population younger than 4 years of age (39,40). Almost
80% of foreign bodies are made of organic material. Classic
symptoms include dyspnea, stridor, aphonia, cyanosis,
cough or total obstruction. Supraglottic foreign bodies
usually present with inspiratory wheeze while infraglottic
bodies will produce expiratory wheeze. History of a
witnessed choking event is suggestive of aspiration.

Decreased breath sounds, rhonchi, wheeze, non-resolving
pneumonia are typically late findings of aspiration. A foreign
body can impede airflow by four mechanisms: (I) inspiratory
one-way valve—air may be inhaled but not exhaled; (II)
expiratory one-way (“ball”) valve—air may be exhaled but not
inhaled; (III) bypass valve—partial obstruction of inhalation
and exhalation; (IV) stop valve—total blockage.

Depending upon hemodynamic and respiratory stability
of patient, chest radiograph can be obtained to locate the
position of the foreign body assuming it is made of radio-
opaque material. Tracheal objects tend to align in the
sagittal plane (40). Secondary evidence for the presence
of a foreign body comprises of atelectasis, air trapping,
emphysema or mediastinal shift (41). However, chest
radiographs can be normal in 17% of cases or it may
not show any evidence during the first 24 hours (40).
Lateral radiographs are helpful in identifying objects behind
the trachea which reflect as soft tissue swelling and loss of
cervical lordosis. CT scan and virtual bronchoscope are more
sensitive compared to chest radiographs (42,43). Traditional
rigid bronchoscopy can be considered for diagnostic, but
also for therapeutic purposes. Two prospective studies
compared the use of rigid compared to flexible bronchoscopy
in the treatment of foreign body aspiration. Both studies
concluded, that patients with clinical signs of asphyxia in
combination with radiological findings like evidence of a
foreign body, emphysema, and unilateral decreased breath
sounds should undergo rigid bronchoscopy (44,45). In
contrast, another retrospective study reported a success rate
of 91% of removing foreign bodies by flexible bronchoscopy
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during a observational period of 8 years and treating 1,027
patients (46). Overall, rigid bronchoscope provides better
visualization, control and ventilation whereas the flexible
bronchoscope is better suited for foreign bodies in more
distal areas due to its flexibility.

However, the choice of rigid or flexible bronchoscopy
should be more dependent on personal experience and
preference.

Anestbetic considerations

A quick pre-operative assessment followed by imaging
might assist in locating the FB. If distal to the carina, the
risk of total obstruction is smaller. Organic matter like
vegetables or nuts absorb water and swells whereas sharp
objects can pierce the airway. Document the time since
the last meal. Orogastric tube can be used for aspiration of
gastric contents. Time management is crucial, and obvious
signs of complete obstruction will indicate an urgent
bronchoscopic intervention under anesthesia.

Maintenance of spontaneous ventilation is theoretically
important as conversion to positive pressure ventilation
can dislodge foreign body causing complete obstruction.
Nevertheless, a small prospective trial of 36 patients
showed controlled ventilation is more effective than
spontaneous breathing (47). Prevention of bucking and
coughing is essential. Traditionally, a volatile anesthetic
agent (sevoflurane) is preferred over intravenous agents
for induction (48), but recently with the development of
newer short acting intravenous anesthetics are also gaining
popularity, although their use might be associated with
increased incidence of laryngospasm and breath holding
(49-51). Once adequate depth of anesthesia is reached,
a rigid bronchoscope is inserted through the glottic
opening. The anesthesia circuit may be attached to the
bronchoscope’s side arm to allow ventilation (52).

After extraction of the foreign body, the decision to
intubate will be guided by the clinical impression of the
mucosal membranes—if edema or obstruction is evident,
preventive intubation can be performed.

Flexible bronchoscopy can also be utilized in selected
cases, and be performed under sedation and topical
anesthesia. In uncooperative patients, though, it may require
general anesthesia with supra or infraglottic airway control.

Summary

Surgical interventions in the airway can be extremely
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challenging for the anesthesia provider, with various
considerations that change according to the type and
duration of the procedure, anatomical location, patient’s
comorbidities and the urgency. Meticulous planning and
preparing for unexpected events, along with detailed
knowledge of the surgical plan are probably the most
important factors in the successful administration of
anesthesia for these challenging cases. Close cooperation
and clear communication between anesthesia and surgery
providers remains the most important key to success.
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