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The anesthesia of trachea and bronchus surgery
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Abstract: The trachea and bronchus surgery is generally performed due to stenosis, traumatic injury,

foreign body and tumors. Preoperative evaluation and anesthesia management are very important issues

because of higher mortality and morbidity rates. Patients may be asymptomatic, but airway difficulties,

hypoxia, stridor, cough, hemoptysis are common conditions in these patient population. The collaboration

between the surgeon and the anesthesiologist is very substantial and necessary. Anesthetic techniques

include various applications such as one lung ventilation, fiberoptic intubation, jet ventilation, and apneic

oxygenation, general anesthesia with or without neuromuscular blockade. In this review, anesthesia

management of the trachea and bronchus surgery is evaluated in the light of new knowledge.
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Introduction

The trachea, main stem bronchi, bronchus intermedius and
lobar bronchus make up the central airway. Disorders of
central airway lead to disturbing symptoms such as cough,
dyspnea, stridor, tachypnea, and hemoptysis (1-3). The
trachea and bronchus surgery are mainly applied to stenosis,
traumatic injury and tumors (4). Surgical approaches are one
treatment option for central airway obstruction and other
disorders. These approaches include complex interventions
requiring one lung ventilation or cardiopulmonary bypass
(CPB) as well as non-complex interventions such as
dilatation (5). Anesthesia management for patients undergoing
trachea and bronchus surgery is important in terms of protection
of airway integrity and anesthesia maintenance. Therefore,
the aim of this review is to share recent developments

regarding anesthesia for tracheal and bronchus surgeries.

Anatomy of the trachea and bronchus

The trachea is a semiflexible tube extending from the
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sixth through the seventh cervical vertebrae to the fourth
through fifth thoracic vertebrae. It is 10 to 14 cm in length
with diameter of 1 to 2.7 cm. The trachea consists of two
portions: the extrathoracic trachea is above the suprasternal
notch, and it is 4 to 5 c¢m in length. The intrathoracic
trachea is below the suprasternal notch, and it is 6-9 cm in
length.

The trachea divides into two parts at the level of the
fifth through sixth thoracic vertebrae, right and left main
stem bronchus. The right main stem bronchus is wider and
shorter than the left main stem bronchus. It is also separated
from the trachea by steeper angle (6-9).

Tracheal stenosis

The etiology of tracheal stenosis involves many factors.
Tracheal stenosis most commonly occurs post-intubation
and post-tracheostomy, and incidence ranges from
10% to 22% (7). Congenital diseases (tracheomalacia,
webs, vascular rings), chronic inflammatory diseases
(sarcoidosis, amyloidosis), infectious diseases (tuberculosis,
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rhinoscleroma, papillomas), collagen vascular diseases
(Wegener’s granulomatosis, lupus), malign tumors, and
foreign body aspiration are other causes (7,8). Malign
tumors include primary tracheal tumor (squamous cell
carcinoma, adenoid cystic carcinoma, and mucoepidermoid
carcinoma), metastatic tumor and masses of adjacent
organs (thyroid, larynx, lung, esophagus and mediastinal
masses) (8). Most of these reasons lead to intraluminal
obstruction. The tracheal mucosa has been infiltrated by
benign or malign tissues. These formations within the
lumen will cause a blockage later. However, extraluminal
obstruction of the trachea occurs as a result of extrinsic
compression or submucosal infiltration of the mass. Unlike
intraluminal obstruction, the mucosa is intact. Distinct
from these obstructions is dynamic airway collapse that
occurs because of weakness of the posterior tracheal
membrane. The place of obstruction is important in terms
of the surgical approach and anesthetic management.
Endoscopic interventions, such as mechanical debulking,
microdebrider, cryocanalization, electrocautery, and
tracheal resection are surgical methods applied to the
intraluminal obstruction. The endoscopic procedures are
applied in conjunction with rigid bronchoscopy. Surgical
approaches for extraluminal obstruction include the
excision of the mass, causing compression and endoscopic
interventions (e.g., stent placement). Similarly, it may
also apply endoscopic intervention for dynamic airway
collapse (9).

Preoperative assessment

Primarily, patients with tracheal stenosis are evaluated with
regard to medical history and general physical examination.
The airway and pulmonary systems, in particular, should be
assessed in detail, because they usually reveal nonspecific
respiratory symptoms that include stridor, hoarseness,
wheezing, progressive dyspnea, and reduced exercise
tolerance (10,11). These symptoms occur 8 mm below
or at a 50% reduction in the internal diameter of the
trachea. Furthermore, if the internal diameter is 5-6 mm,
inspiratory stridor is seen at rest. It is also important to
evaluate the patient’s respiratory function in the supine
position. If the patient’s breathing pattern is disrupted in
the supine position, the anesthesia should be initiated in
the appropriate position for the patient (8). Additionally,
the patient should be questioned regarding the use of
steroid and previous radiation therapy. Steroids may be
associated with airway anastomotic dehiscence and delay in
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wound healing. Radiotherapy to the neck region can cause
restricted neck movement (10).

Other investigated parameters are pulmonary function
tests, arterial blood gas analysis, posteroanterior and
lateral chest radiography, computerized tomography (CT),
magnetic resonance imaging, and flexible bronchoscopy
(12,13). Pulmonary function tests, particularly flow-volume
loops, may provide information about the degree of the
tracheal stenosis, but it is not specific and sensitive for
diagnosis for diagnosis. Furthermore, airway crisis may be
triggered during these tests. Reduced forced expiratory
volume in one second (FEV1) can be interpreted in favor
of obstruction (13,14). Variable intrathoracic obstructions
indicate flattening in the expiratory limb of the flow-volume
loop. Extrathoracic obstructions indicate flattening in the
inspiratory limb of the flow-volume loop. However, fixed
intra- and extrathoracic obstructions show flattening in the
inspiratory and expiratory limbs (2,7). A baseline value of
arterial blood gas analysis may be a guide for postoperative
management.

Monitoring

Standard monitoring includes electrocardiography
(ECG), non-invasive blood pressure, pulse oximetry, and
end-tidal carbon dioxide (ETCO,) measurement (11).
However, invasive monitoring may be required for patients
undergoing tracheal resection. Arterial catheterization
is used to evaluate hemodynamic and arterial blood gas
changes, and the left radial artery is frequently preferred
for catheterization (8). For vascular access, a peripheral
intravenous (IV) (18-20 gauge) or central venous catheter
may be used. Peripheral access will be sufficient for fluid
management. However, the use of a central venous catheter
may be necessary with inotropic drugs and in patients with
cardiac problems. In such a case, the femoral or subclavian
vein is most often used for catheterization (8,14).

Anesthesia management in rigid bronchoscopy

Rigid bronchoscopy is the initial phase of surgical
approaches for tracheal lesions, and it is difficult to
tolerate by an awake patient. Therefore, for these patients,
general anesthesia is recommended in the operating room.
Premedication should be avoided in patients with severe
stenosis. The use of antisialogogues is not routine to reduce
secretions. Furthermore, these drugs can increase the
degree of stenosis by creating a mucous plug (11,12).
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The surgeon should be available when induction begins,
and pediatric- and adult-sized rigid bronchoscopes must be
present in the operating room. The patient is placed on the
operating table in the supine position. The roll is placed below
the shoulder, and the neck should be hyperextended (15).
After preoxygenation, IV (e.g., propofol, thiopental) and
inhalation agents are used for anesthesia induction. In this
instance, anesthetic agents are administered by titration,
and after adequate anesthesia depth is achieved, local
anesthetics such as lidocaine, may be administered into
the pharynx and trachea to decrease the airway’s response
to instrumentation during rigid bronchoscopy (12).
There are two important issues regarding ventilation:
spontaneous ventilation during induction generates negative
inspiratory intratracheal pressure, and it increases stenosis.
Positive pressure ventilation creates positive intratracheal
pressure. Therefore, positive pressure ventilation is
preferable in patients with extrathoracic stenosis (e.g.,
tracheomalacia), whereas spontaneous ventilation may be
applied in intrathoracic stenosis (14,16). After providing
airway security, a dose-dependent, fast-acting non-
depolarizing, or depolarizing muscle relaxant may be used
as a neuromuscular blocking agent. Recent reviews reported
that, despite the side effects of succinylcholine, it is superior
to rocuronium in terms of intubation (17,18).

"Total intravenous anesthesia (TTVA) or volatile agents
can be used for anesthesia maintenance. Options for TIVA
are propofol, remifentanil, ketamine, and dexmedetomidine.
These drugs are implemented through target controlled
infusion systems. TIVA is different from volatile agents
used during ventilation. In the endoscopic interventions,
several ventilation techniques are needed, and apneic periods
or air leaks from the bronchoscope may occur during the
procedures (19). At this stage, volatile anesthetics constitute
a problem because of distribution, and maintenance of
anesthesia is interrupted. However, TIVA does not cause
such a problem because of continuing anesthesia (20). If
volatile anesthetics are preferred, additional IV anesthetics
should be applied during the apneic periods (11). Sevoflurane
can be selected as volatile anesthetic because its effects are
less irritating than those of other volatile anesthetics (21).
During ventilation, a mixture of nitrous oxide (N,0)-oxygen
(O,) or oxygen-air can be used. Further, a bispectral index
(BIS) may be employed to assess the depth of anesthesia in
patients receiving TIVA (20).

It should be noted that tracheobronchial surgery requires
collaboration between the surgeon and the anesthesiologist.
Such cooperation is especially important at the ventilation
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stage. Several ventilation techniques can be applied during
rigid bronchoscopy. These include apneic oxygenation,
spontaneous ventilation, controlled ventilation, manual
jet ventilation (low-frequency jet ventilation), and high-
frequency jet ventilation (HFJV). Manual jet ventilation is
the most commonly used ventilation technique during rigid
bronchoscopy (19). HEJV (60600 cycles/min) is provided
by ventilators, and it diminishes airway pressures and the
risk of barotrauma (14,22). Ventilation is performed with
connection placed onto the bronchoscope.

If tracheal resection is planned after rigid bronchoscopy,
the patients are intubated. If there is stenosis in the upper
trachea, an appropriate-sized endotracheal tube (ETT) may
remain at the level of the vocal cord, which results in an
air leak. Therefore, a small ETT can be used, but it may
hypercapnia. If there is stenosis in the mid-trachea, an ET'T
is advanced above the stenosis. Tracheostomy may, rarely,
be necessary for a patent airway (11,23). However, upper
tracheal resection may be also performed through laryngeal
mask airway (LMA). But it has some disadvantages: the
patients who critical airway stenosis may be inadequate
ventilation (10,24).

Anesthesia management in the tracheal and carinal
resection

Premedication, drugs used in anesthesia management and
position are similar with rigid bronchoscopy. For upper
tracheal lesions, the trachea is explored through cervical
incision (color incision, U-shaped) (23). The location of the
incision is between the lower part of the cricoid cartilage
and the sternal notch. Cervico-mediastinal incision is
applied for middle tracheal lesions. For lower tracheal
lesions, the surgical approach is median sternotomy or right
thoracotomy (4,25).

During anesthesia induction, the ETTs must be prepared
for intubation (11). For the correct placement of the ETT,
fiberoptic bronchoscope (FOB) can be used (12). In the
presence of upper tracheal lesion, ETT is placed in the
trachea above the lesion. Surgical processing is initiated
after sterilization of the surgical site following intubation.
The trachea is exposed, and the first incision is applied
at the distal end of the obstruction (26) (Figure 1). After
confirming the E'T'T; it is withdrawn into the proximal
trachea. Simultaneously, a sterile ETT is placed into the
distal trachea by the surgeon (4) (Figure 2). This tube is
connected to a sterile anesthetic circuit, across the surgical
field. Ventilation is maintained by the anesthesiologist and
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Figure 2 Distal endotracheal tube.

confirmed by evaluating chest inflation, peripheral oxygen
saturation, ETCO,, and blood gas analysis (8,11). Resection
of the tracheal lesion is completed with circumferential
dissection, and anastomosis is then started. After surgery,
patients are reintubated and ETT is removed from the
distal trachea. The intubation tube is advanced to the
bottom of the anastomosis (4,26) (Figure 3). Furthermore,
retrograde intubation may be performed via the flexible
catheter; therefore, contamination of the surgical field may
be prevented (4,8). The anastomosis is tested in terms of
air leak. Therefore, the patients should be ventilated with
20-30 cmH,O pressure (11,15).

Ventilation may be provided through the ETT, jet
ventilation catheter, tracheostomy cannula, LMA, and
different ventilation strategies can be performed during
tracheal resection (12). These strategies include manual jet
ventilation and high-frequency ventilation (5,27). Manual
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Figure 3 Endotracheal tube during anastomosis.

jet ventilation applies in various ways, such as ETT and
catheter. This ventilation provides high tidal volume but,
it carries the risk of hypercapnia (5). Small-bore ETT and
catheter are used for high-frequency, and it can be used in
three different modes: high-frequency positive pressure
ventilation (HFPPV), high-frequency jet ventilation (HFJV),
and high-frequency oscillation ventilation (HFOV). If
diameter of the distal trachea is narrow and there is difficulty
during the surgical procedure, HFPPV can be performed
in these patients (27). HFOV is implemented most often
for lung surgery, such as lobectomy and pneumonectomy.
Advantages of high-frequency ventilation are as follows:
good gas exchange, reduced ventilation/perfusion mismatch
and atelectasis due to auto positive end-expiratory pressure,
and minimal hemodynamic changes (5). LMA can be used in
airway management of tracheal resection. Biro ez 4. reported
that LMA is a safe approach for ventilation and surgical
exposure in serious upper-tracheal stenosis (28).

Anesthesia management for distal trachea and carina
obstructions is slightly different than that for upper tracheal
lesions. The surgery approach for these obstructions is
right posterolateral thoracotomy. Ventilation strategies
during surgery involve one-lung ventilation (OLV),
extracorporeal membrane oxygenation (ECMO), or CPB
(5,29). Different approaches are used for OLV. After the
ETT is pulled above the lesion during surgery procedure,
the endobronchial blocker, ETT or single lumen
endobronchial tube may be preferred for placement into
the left mainstem bronchus (5,12,21). According to the
airway devices used, low-frequency jet ventilation or low
tidal volume ventilation are applied during resection (12,30).
ECMO is another alternative strategy for gas exchange. It
can be performed veno-venously or veno-arterially (29).
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At the end of resection and reconstruction, ETT is placed
above the anastomosis line, and ventilation is conventionally
maintained (11).

If the patient’s respiratory effort is adequate, extubation
should be planned in the operating room. Prolonged
intubation can disrupt the anastomosis line because of
positive pressure ventilation and tracheal irritation (25).
However, in the patients who underwent carinal resection
and prolonged operation, postoperative mechanical
ventilation may be required for respiratory support (8).
Before extubation, neck flexion is supported with a suture
between the chin and the manubrium sterni. The aim is to
decrease anastomotic tension (15). In the extubation period,
anesthesia preparations should be made for possible airway

problems. Because emergent intubation and reintubation may
be needed, intubation should be made through FOB (5,8).

Pain management

In patients with cervical incision, postoperative analgesia
options may include systemic opioids and nonsteroidal
anti-inflammatory drugs (NSAIDs). Epidural analgesia,
paravertebral and intercostal blocks, and systemic analgesia,
such as opioids and NSAIDs, may be preferred for patients
with thoracotomy (12,25,31,32).

Postoperative care

During the postoperative period, the patient’s head
should be kept elevated in a supine position to reduce
swelling (5). Postoperative pulmonary care is important
for these patients. Possible lung pathologies, such
as pneumothorax and atelectasis, are evaluated by a
posteroanterior chest radiograph. Also important is removal
of tracheal secretions. For this reason, chest physiotherapy
may be recommended (15). On the fifth through seventh
postoperative days, anastomosis healing is assessed by FOB.
After suture which used for neck flexion is cut, the patient’s
discharge from hospital is planned (25).

Complications

The literature reports average mortality rates of 3% and
2-20%, respectively, in tracheal and carinal resection (8,30).
Postoperative complications can be seen in the early late
period. Early complications involve respiratory distress and
vocal cord paralysis. During surgery, the recurrent laryngeal
nerve may be damaged. This situation may result in vocal
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cord paralysis after surgery, and may lead to hoarseness and
dyspnea (8). Later complications can be anastomotic, such
as granulation tissue, necrosis, and dehiscence as well as

hemoptysis (8,30).

Tracheobronchial injuries (TBIs)

T'BIs are rare, but may be fatal. Penetrating or blunt trauma
to the chest or neck lead to TBIs. The reported incidence
of TBIs is 0.5% to 2%. Injuries caused by blunt trauma are
seen in the intrathoracic trachea and mainstem bronchus,
whereas penetrating trauma affects the extrathoracic
trachea. Symptoms occurring in airway injuries involve
dyspnea, respiratory failure, hoarseness, and dysphonia.
Subcutaneous emphysema, pneumothorax, and hemoptysis
can be seen in patients with trauma. Chest radiography,
neck and chest CT are required for diagnosis. FOB is the
best method to assess the size and location of injury.

TBIs usually require multidisciplinary approach due to
possible injuries to multiple organs. Airway management is
extremely important in patients with TBIs. These patients
may require immediate intubation because of respiratory
failure and hemodynamic instability. At this stage, FOB
guided endotracheal intubation would be a rational
approach. In some cases, ventilation is accomplished through
tracheostomy, and intubation is accomplished through an
open neck wound and nasotracheal intubation (33).

Anesthesia management of these patients should be done
in collaboration with the surgeon and the anesthesiologist.
Airway management has been mentioned above. In addition,
tube selection is an important detail. Double-lumen tube
is not recommended for intubation. Long ET'Ts, single-
lumen tubes, endobronchial blockers are options used for
successful ventilation (33). Anesthesia maintenance and
ventilation strategies are similar with tracheal stenosis (see
trachea stenosis). Manual jet ventilation, HFJV, one lung
ventilation and CPB can be performed according to the
localization and size of tracheal injury (34,35).

Postoperative care involves closely respiratory and
hemodynamic monitoring of patients (34).

Bronchus surgery

Bronchial surgery is one of the most commonly used
procedures in thoracic surgery and is generally applied
in instances of tumors, foreign bodies, and trauma.
Endobronchial tumors and foreign bodies may lead to
bronchial obstruction, severe dyspnea, and finally, collapse
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of the affected lung. Preoperative evaluation of the patients
is very important for bronchus surgery and is similar to
tracheal surgery. Bronchoscopic techniques, including rigid
bronchoscopy or flexible fiberoptic bronchoscopy, are used
for laser therapy, foreign-body removal, and the placement
or control of the lung isolation device.

Bronchus tumors

Bronchus tumors are generally seen in two forms: primer
or recurrent lung cancer and metastases from other
organ tumors (36). The most common symptoms are
dyspnea, cough, and hemoptysis. Pneumonia, abscess, and
recurrent infections can be observed and life-threatening
stridor may occur in obstruction of the main bronchus.
Distal tumors are often asymptomatic, and a diagnosis
is usually established through routine radiological
examination. The treatments include laser therapy,
bronchial stent placement, photodynamic therapy, argon
beam coagulation, radiotherapy, and surgical excision
with or without bronchoscopy, and a combination of these
techniques (36-38).

Laser therapy is one of the most commonly used treatments
for bronchial tumors. However, if sufficient measures are
not taken, serious risks may occur, such as corneal and
retinal damage, airway fire, gas embolism, perforation of
an organ or vessel, airway hemorrhage, pneumothorax, and
tracheoesophageal fistula (39). During laser therapy, it is
recommended that all operating room personnel (doctor,
nurse, technicians, etc.) use special eyeglasses. The patient’s
eyes must be protected by closing the eyelids with tape and
saline-soaked pads. Windows should be covered and warning
signs should be placed outside the door.

Airway fire is rare but most feared complication
associated with laser application. The use of special laser-
resistant tracheal tubes and inflation of the ETT cuff
with saline and a colored indicator are suggested for the
prevention of the fire. The use of oil-base balm to increase
the lubricity of the ETTs is dangerous because of the
combustible nature of these substances. Minimal oxygen
concentration (inspired oxygen concentration <40%) allows
for sufficient oxygenation of the patients to be used to avoid
potential airway damage (40-42). A mixture of oxygen-air
is more suitable than an oxygen-nitrogen mixture, which
is highly combustible (43). In the event of an airway fire,
laser therapy and ventilation are terminated, the oxygen
source is removed, and the patient is extubated. The patient
is then ventilated with a face mask, and airway is evaluated
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for possible damage with rigid or flexible bronchoscopy.
If damage is suspected, the patients are reintubated,
tracheotomy may be required, and steroids may be used to
decrease mucosal edema. In addition, inhale bronchodilators
may help to reduce possible bronchospasm.

Laser therapy is performed with fiberoptic or rigid
bronchoscopy. Several anesthetic approaches—awake or
general anesthesia and nasal or oral intubation—are applied
for flexible bronchoscopic intervention. In the presence
central airway obstruction, the first choice may be fiberoptic
bronchoscopy awake or step-by-step general anesthesia
protecting spontaneous ventilation (44). Premedication
with sedative drugs is not recommended in patients with
airway obstruction but antisialagogues and anticholinergic
drugs may be used. Awake technique can be performed
with topical anesthesia via nebulizer, aerosol, or local
anesthetics-soaked pads, local anesthesia via laryngeal
or glossopharyngeal nerve blocks or direct application
of local anesthetic as spray via bronchoscope (45). The
use of an ETT with a large internal diameter facilitates
the fiberoptic placement and adequate ventilation of the
patient. LMA can be used for the fiberoptic technique,
especially in patients with difficult airways, and LMA also
leads to lower airway resistance during bronchoscopy
(46,47). IV or inhalation agents are preferred for anesthesia
induction and maintaince. Propofol helps to suppress the
laryngeal reflex and provides better clinical conditions than
the other IV agents (48,49). If paralysis is required, short-
acting neuromuscular blocking agents should be preferred
because partial airway obstruction may convert to complete
obstruction (16,50). These interventions have minimal
postoperative pain and only short-acting opioids are
recommended.

Rigid bronchoscopy, the other alternative technique for
laser therapy, provides better visibility and airway control
because of ventilating instrumentation and a minimal
fire hazard (50). In addition, general anesthesia with
neuromuscular blockade, spontaneous ventilation with
topical anesthesia or nerve blocks, apneic oxygenation,
and jet ventilation are applicable techniques for rigid
bronchoscopy (51,52). Any movement of the patient during
bronchoscopy may result in serious injury, but the use of a
neuromuscular blocker may be dangerous in patients with
partial airway obstruction. Succinylcholine is a suitable
neuromuscular blocker agent because of its short-acting
properties. Nondepolarizing agents may be preferred for
prolong interventions. During rigid bronchoscopy, the
bronchoscopist is exposed to the anesthetic gases, and
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higher PaCO, values may be observed with positive pressure
ventilation due to interruption of the ventilation (50). TIVA
allows for the provision of adequate anesthesia without
interruption, and this anesthetic regimen also prevents the
contamination of the operating room with anesthetic gases.
Several other complications of rigid bronchoscopy include
soft-tissue injury (mouth, lips, tongue etc.), tooth damage,
sore throat, airway perforation, hemorrhage, airway edema,
and laryngospasm.

The most common monitorization method for
bronchoscopy (flexible or rigid) is pulse oxymetry because
desaturation is a common and important condition in
this intervention. End-tidal CO, values are not reliable
because the patient’s airway is open to the atmosphere.
In the prolong process, arterial blood gas analysis may be
beneficial. At the end of the bronchoscopy, the patients may
be extubated and ventilated via a face mask. However, the
patients with respiratory failure are again intubated after
the procedure, and corticosteroids (methylprednisolone or
dexamethasone) and inhaled epinephrine may be used in
edematous airway situations. When respiratory function
improves, the patients are extubated.

Bronchial stents are often used in bronchial obstruction
due to bronchial tumors and stricture. Deep IV anesthesia
with flexible bronchoscopy or general anesthesia with
neuromuscular blockage can be preferred to placement
of stents. This procedure is performed for both extrinsic
compression and intraluminal stenosis in adult and pediatric
patients without pain (53,54).

Photodynamic therapy can be performed under general
anesthesia or topical anesthesia plus IV anesthesia. There
is no risk of airway fire, and the patients may be ventilated
with 100% oxygen if required.

Massive hemoptysis or bleeding due to bronchial tumors
is a feared clinical condition. The main goal of anesthesia
includes volume resuscitation, the separation of bleeding
lungs, the protection of normal lungs, and providing
sufficient oxygenation. In addition to standard monitoring
(heart rate, non-invasive blood, and pulse oxymetry), invasive
arterial catheterization and central venous catheterization
are recommended. Large diameter IV catheters provide
rapid fluid administration. Before anesthesia induction
and intubation, the patient should be bleeding lung in a
dependent position. This position prevents contamination of
the healthy lung. Rapid and safe airway management must
be provided in these patients. Fiberoptic awake intubation
may be used, although visualization is difficult because of
bleeding. Single-lumen endotracheal intubation followed
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by endobronchial blocker, main bronchial intubation of
unaffected lung with fiberoptic bronchoscopy, or double-
lumen intubation may be used to separate of the lungs.

Bronchus foreign bodies

Bronchial foreign body aspiration is less common in
adults than in children. It is generally seen in elderly male
patients with Alzheimer’s disease, psychiatric illness, or
head trauma (55,56). The clinical symptoms include cough,
dyspnea, wheezing, shock, hemoptysis, cardiorespiratory
arrest, but the majority of patients may be asymptomatic.
Early identification and intervention are crucial because
it may cause life-threating complete or incomplete airway
obstruction (56). Finally, respiratory distress, pneumothorax,
asphyxia, lung abscess, pneumonia, asthma, bronchiectasis,
and atelectasis may occur as complications (57).
Bronchopleural and bronchopleural cutaneous fistulas and
subcutaneous emphysema are possible rare complications
because of foreign body aspiration (58,59). The definitive
diagnosis includes chest X-ray imaging and CT (60). In
chronic aspiration history, granulation tissue may occur
around the foreign body. Rigid or flexible bronchoscopy
plays a role both diagnosis and removal of the foreign body.
Emergency tracheostomy may be required in the case of
complete bilateral occlusion (61). If bronchoscopy fails,
open thoracotomy may be used for successful removal.
The patients are at risk in emergency cases for full
stomach, and a large-bore gastric tube must be inserted
before tracheostomy, but if the patient has respiratory and
hemodynamic stability, the intervention may be delayed (62).
An inhalation agent is generally used for anesthesia
induction, but another option is controlled IV induction.
Anesthesia maintenance is performed with IV or inhalation
agents; neuromuscular blocking drugs may be used if
necessary (48-50). During the removal of foreign body,
falling back to tracheobronchial area is a life-threating
condition (62). Therefore, adequate depth of anesthesia
must be provided before removal of the body. If oxygenation
and ventilation are impossible, ECMO may be a life-saving

method (63).

Bronchopleural fistula

Bronchopleural fistula is rare but life-threating complication
of thoracic surgery (especially pneumonectomy and
lobectomy) and is associated with a higher risk of mortality
and morbidity. The most common causes are rupture of
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pulmonary structure into the pleural space (lung abscess,
bronchus, cyst, parenchymal tissue, bulla), bronchial
destruction (carcinoma, inflammation), stump dehiscence
after pulmonary resection, and erosion of the pulmonary
artery or vascular suture line (64). Incorrect placement of
the enteral feeding tube and esophageal stent migration are
the other uncommon causes (65,66). Clinical observation is
very important factor for diagnosis. After thoracic surgery,
dyspnea, emphysema, purulent drainage, permanent
air leak, and tracheal deviation should be suspected of
bronchopleural fistula. Fewer and purulent sputum may be
first symptoms after removal of the chest tube. A decrease
of the fluid level and new air-fluid level are seen in the X-ray
imaging. The diagnosis is confirmed with bronchoscopy,
methylene blue injection, inhalation of xenon, scintigraphy
with Tc-99m DTPA, and inhalation of O,-N,O mixture
(67,68). In early postpneumonectomy patients, resuturation
may be possible, but in delayed cases, open drainage or
muscular flap may be necessary. If non-pneumonectomy
bronchopleural fistula, treatment includes chest tube or
surgical resection.

Anesthesia management may be complicated in these
cases. The primary aims are the protection of healthy lung
and providing oxygenation. Lung isolation devices (double-
lumen ETTs or bronchial blockers) must be used for lung
protection, especially with a larger fistula. Excessive higher
pressure should be avoided because positive pressure
ventilation may lead to tension pneumothorax. A chest tube
should be placed before the induction of anesthesia as a
measure for tension pneumothorax. Inadequate ventilation
may occur because an air leak. Awake fiberoptic intubation
with double-lumen or single-lumen ETTs, spontaneous
ventilation until lung isolation, thoracic epidural anesthesia
with IV sedation and HFJV may be used in patients with
bronchopleural fistula (69).
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