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Abstract
Post-traumatic tracheobronchial lesions are associated with high mortality unless
adequately diagnosed and treated. They may be caused by blunt and penetrating trauma,
although iatrogenic lesions are also increasingly observed. An early and accurate
diagnosis significantly impacts the results of treatment. Radiological assessment with
computed tomography is highly accurate, but bronchoscopy remains the gold standard
technique in the diagnosis of airway trauma and plays an important role in determining
the therapeutic approach. For a long time, surgery has been considered the treatment of
choice for post-traumatic airway lesions, but recent reports have shown that favourable
results may also be obtained with a conservative approach, especially in the treatment
of iatrogenic lesions. The indication for a conservative or surgical treatment has to be
defined on the basis of a thorough clinical, radiological, and endoscopic assessment.
Specific issues concerning airway management in the emergency setting and during
surgical treatment must also be addressed. A multidisciplinary approach in a center with
specific experience in the treatment of airway lesions is of utmost importance to obtain
favourable results.
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1. Introduction

Post-traumatic lesions of the trachea and bronchi are associ-
ated with significant morbidity and mortality unless promptly
recognized and treated [1, 2]. The actual incidence of lesions
due to blunt or penetrating trauma is underestimated, since a
large number of patients die before a diagnosis can be obtained
[3]. Bertelsen and Howitz reported a 2.8% incidence of these
lesions in post-mortem examinations [4]. In recent decades
an increasing number of iatrogenic lesions due to intubation
or tracheostomy has also been reported [5]. Several issues
concerning the diagnosis and treatment of post-traumatic tra-
cheobronchial lesions still have to be defined. Surgical treat-
ment has been traditionally considered the treatment of choice
for traumatic airway lesions, but in recent years conservative
and endoscopic treatments have also been associated with
favourable results [6–8]. Establishing clinical, radiological,
and endoscopic criteria to select the most appropriate treat-
ment is of utmost importance for obtaining favourable results.
Moreover, selecting an optimal surgical and anesthesiological
strategy is essential in reducing perioperative mortality. An-
other issue to be analyzed concerns the role of bronchoscopy
in the treatment of airway lesions.

2. Etiology and pathogenesis

Post-traumatic airway lesions may be caused by blunt or pen-
etrating traumatic events [9]. The site of the lesion may vary
according to the pathogenesis. Direct trauma or compression
of the cervical trachea against the spine may cause fracture of
the laryngeal cartilages or even a complete separation of the
airway, usually between the cricoid cartilage and the proximal
trachea [10, 11]. Cervical hyperextension during the trauma
may also determine tears of the proximal trachea. On the other
hand, about 80% of intrathoracic airway lesions due to blunt
trauma are located within 2.5 cm of the carina [12]. Various
mechanisms have been suggested to explain this finding. A
sudden increase of airway pressure during chest compression
while the glottis is reflexedly closed may cause laceration
of membranous wall of the airway or a separation of the
cartilagineous and membranous parts of the airway. Other
factors include the limited mobility of the carina and the lateral
traction on the pulmonary hila as the chest is antero-posteriorly
compressed while the lungs move laterally with the chest cage.
In most cases a combination of these mechanisms may be
present, leading to complex airway lesions [12, 13]. One of
the main issues following blunt trauma concerns the frequent
association with major post-traumatic lesions of the head,
chest, and abdomen, which account for most of the early and
late mortality and to an underestimation of the real incidence
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of airway lesions [14]. They also therefore must be carefully
assessed during the diagnostic and intraoperative evaluation.
Penetrating airway trauma, mostly due to knives or gunshot
wounds, may involve any part of the tracheobronchial tree
[15]. However, penetrating injuries of the intrathoracic trachea
andmain bronchi are seldom recognized, since they are usually
associated with lesions of the heart and major vessels that lead
to death before a diagnosis is obtained.
An increasing number of iatrogenic lesions has been re-

ported in previous decades, and in recent reports they represent
the majority of post-traumatic lesions. Accordingly, in the
series analyzed by Schneider et al., about 58% of tracheo-
bronchial lesions were iatrogenic and only 42% were due to
blunt or penetrating trauma [5]. Although most iatrogenic
lesions are a complication of single- or double-lumen intuba-
tion, lesions following percutaneous dilational tracheostomy
(PDT), flexible or rigid bronchoscopy, and surgery are also
reported. The incidence of airway lesions following single-
lumen intubation is about 0.005% [16] and ranges from 0.05
to 0.26% after double-lumen intubation [17, 18]. The patho-
genetic mechanism of post-intubation airway injuries includes
the inappropriate use of stylets, hyperinflation of the tube cuff,
and tube repositioning with an inflated cuff [19, 20]. Once the
laceration is created, usually in the membranous part of the
airway, the cuff may no longer adequately seal the airway dur-
ing mechanical ventilation, and if not detected the lesion may
be enlarged when the cuff is further inflated. Risk factors for
the onset of iatrogenic lesions include intubation by unskilled
personnel, emergency intubation, female gender, short stature,
and steroid treatment [16]. Congenital or acquired intrinsic
or extrinsic airway stenosis, connective tissue diseases, and
Mounier-Kuhn syndrome may also increase the risk of air-
way lesions and should be recognized before intubation [21].
In comparison with post-traumatic lesions, which often have
complex features, post-intubation iatrogenic lesions are more
frequently longitudinal and involve the membranous wall of
the trachea and main bronchi [11, 20, 22]. These different
characteristics, along with the frequent association of lesions
due to blunt or penetrating trauma with other major post-
traumatic lesions, account for the relatively higher mortality of
post-traumatic airway lesions compared to iatrogenic injuries.
Iatrogenic lesions may also be observed after thyroid, pul-

monary, esophageal, and cardiac surgery [23, 24]. If promptly
recognized these lesions are repaired during the surgical pro-
cedure, reducing the risk of further complications. Tracheo-
bronchial lesions may also arise during flexible and rigid bron-
choscopy, especially during stent positioning or dilation of
airway stenosis [25]. However, although relatively frequent,
lesions caused by bronchoscopic procedures usually only par-
tially involve the tracheobronchial wall, and spontaneously
heal in most cases. With the improvement of intensive care
treatments, an increasing number of patients currently un-
dergo percutaneous dilational tracheostomy (PDT). The re-
ported incidence of airway lesions after PDT is about 1%
[26]. Inadvertent puncture of the posterior tracheal wall during
the manoeuvre may lead to a misplacement of the guidewire
outside the tracheal lumen and even through the esophageal
wall, leading to a major lesion if not promptly recognized
[27]. Adequate expertise and bronchoscopic control during the

procedure are strongly advised to prevent this complication, al-
though in experienced hands a low incidence of airway lesions
has been reported even without endoscopic assistance [28–30].
Knowledge of the pathogenesis and correct management of
the endotracheal tube are essential for preventing iatrogenic
lesions of the airway.

FIGURE 1. Computed tomography scan showing
hyperinflated tracheal tube cuff in a patient with post-
intubation tracheal injury (arrow).

3. Diagnostic approach

A high index of suspicion is of primary importance to achieve
an early and effective treatment. Clinical signs that have
to be accurately observed include respiratory distress, subcu-
taneous emphysema, haemoptysis, voice hoarseness, stridor,
and shock. In patients with penetrating injuries, exposure
of the airway or presence of an air leak through the wound
may be observed. Indirect signs of post-traumatic airway
trauma on chest x-ray include mediastinal emphysema and
persistent pneumothorax after chest tube placement [31]. The
role of ultrasound in the evaluation of airway lesions is limited,
although it may show indirect signs as pneumothorax and
subcutaneous emphysema [32]. Displacement of the lung in
the dependent part of the chest cavity may be observed on
chest x-ray when a complete transection of the bronchus is
present (“fallen lung sign”) [33]. A radiological assessment
with computed tomography (CT) significantly improves the di-
agnostic accuracy [31, 34]. The airway lesion may be directly
visualized, but more frequently indirect signs such as cervical
and mediastinal emphysema, pneumothorax, or cervical and
mediastinal tissue herniation inside the airway lumen are ob-
served. Pneumoperitoneum and pneumopericardium are rarely
reported [35, 36]. An overinflated tube cuff may be a sign
of a tracheal lesion, even if not associated with mediastinal
emphysema (Fig. 1). This happens because the cuff of the
endotracheal tube may seal the tracheal defect, and mediastinal
emphysema may develop only when the cuff is deflated and
the endotracheal tube repositioned. Despite the relatively high
accuracy of CT scan, bronchoscopy remains the gold standard
technique in the evaluation of post-traumatic tracheobronchial
lesions. Flexible bronchoscopy allows for accurate assessment



12

TABLE 1. Airway control strategies in patients with post-traumatic airway lesions.
If possible, maintain spontaneous ventilation until airway control
Intubation under bronchoscopic control
Intubation with bronchoscope through laryngeal mask airway (LMA)
Emergency tracheostomy if intubation is not possible
Temporary intubation through the cervical wound if airway exposed
Cuff of the endotracheal tube positioned distal to airway lesion
Avoid cuff hyperinflation
Unilateral or bilateral endobronchial intubation in patients with carinal lesions
Extracorporeal membrane oxygenation (ECMO)

of not only location, length, and depth of the lesion but also
viability of margins and presence of communication with the
mediastinal or pleural space, data that are essential to correctly
define the therapeutic strategy [14, 36]. In nonintubated awake
patients the laryngeal function, which may have been impaired
by the trauma, may also be evaluated. Rigid bronchoscopy
may be indicated to remove blood clots or foreign materials
obstructing the airway, while allowing accurate examination
of the lesion. Esophageal lesions, on the other hand, must
be ruled out through radiological and endoscopic assessment.
Data from the combined clinical, radiological, and endoscopic
evaluation must be thoroughly analysed to define therapeu-
tic indication. In particular, location, length, depth, pres-
ence of extraluminal communication, and associated laryngeal,
esophageal, pulmonary, and cardiovascular lesions must be
carefully considered when selecting the treatment strategy.

4. Airway management

Establishing a secure airway greatly contributes to reducing
mortality and allowing an adequate diagnostic and therapeutic
approach to be completed. Blind intubation in patients with
airway injuries may widen the lesion or determine incorrect
tube placement outside the tracheobronchial lumen, leading
to a sudden increase of mediastinal pressure with catastrophic
cardiocirculatory and respiratory impairment [1, 6]. In spon-
taneously breathing patients with an adequate gas exchange,
intubation should thus be delayed until bronchoscopic guid-
ance is available. Whenever possible the patient should be
intubated while spontaneously breathing or with short-acting
neuromuscular blocking agents to reduce the risk of airway
collapse at the level of the lesion, especially when a complete
separation is present. Fiberoptic intubation, which may also
be accomplished through a laryngeal mask airway (LMA),
allows for safe positioning of the cuff of the tracheobronchial
tube distal to the lesion while simultaneously allowing the
injury to be visualized. Emergency tracheostomy is required
in patients who cannot be intubated due to major maxillofacial
trauma or laryngeal lesions [37]. In patients with penetrat-
ing injuries the airway may be directly exposed, and intu-
bation through the wound may be temporarily performed,
allowing the patient to be ventilated and preventing blood
aspiration before a tracheostomy or translaryngeal intubation
can be achieved [38, 39]. Specific problems arise when the
lesion involves the distal trachea or the main bronchi near the

carina, since positioning the cuff of the tracheobronchial tube
beyond the lesion while maintaining bilateral ventilation may
not be feasible. Selective intubation of the noninjured main
bronchus may allow ventilation to be temporarily maintained
while treatment is accomplished, although it may not be a
viable option in patients with reduced respiratory function due
to associated pulmonary lesions. The use of two small-bore
endobronchial tubes inserted through a tracheostomy has also
been reported in patients with lesions involving the carinal
region [40, 41]. Whenever intubation or tracheostomy cannot
be safely established, the use of extracorporeal membrane
oxygenation (ECMO) in the emergency setting may be a life-
saving option (Table 1) [42].

5. Endoscopic classification

Assessment of the endoscopic characteristics of the tracheo-
bronchial lesion plays a major role in the definition of the
therapeutic strategy. In previous reports the length of the lesion
was considered a main issue when the indication for conser-
vative or surgical treatment had to be defined. According to
Carbognani and Harris, only lesions shorter than 2 cm were
suitable for a conservative treatment [43, 44]. Conversely,
Ross and Massard considered that lesions up to 5 cm could
be conservatively treated [18, 45]. More recently, successful
conservative treatment of lesions exceeding these limits has
been reported, and therefore the extent of the lesion seems
to have lost importance in the definition of the therapeutic
strategy [8]. In fact, other features such as depth of the
lesion, clinical parameters, and presence of infection have
gained more relevance in the planning of treatment. Cardillo
et al. proposed a four-tier classification of iatrogenic airway
injuries on the basis of endoscopic and clinical criteria: lesions
limited to the mucosa and submucosa without mediastinal
emphysema and oesophageal injury were classified as level I.
Lesions involving the muscular layer of the airway with subcu-
taneous or mediastinal emphysema but no oesophageal injury
or mediastinitis were classifid as level II. Conversely, complete
lacerations of the tracheal wall with oesophageal ormediastinal
tissue herniation without oesophageal injury or mediastinitis
were defined as level IIIA, while full-thickness lesions with oe-
sophageal injury or mediastinitis were classified as level IIIB.
On the basis of this classification a differentiated therapeutic
approach was proposed. Conservative treatment by means of
observation, antibiotic treatment, or endoscopic closure with
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TABLE 2. Results of treatment in blunt and penetrating airway trauma.
Author (Year) Total No.

(Blunt/penetrating
trauma)

Surgical
treatment No. pts

Conservative
treatment No. pts

Mortality of
surgical
treatment

Mortality of
conservative
treatment

Rossbach (1998) [7] 32 (13/19) 32 0 2 (6.2%) -
Cassada (2000) [1] 18 (9/9) 18 0 1 (5.5%) 0
Balci (2002) [14] 32 (13/19) 31 1 6 (19.3%) 1 (100%)
Richardson (2004) [65] 60 (46/14) 60 0 8 (13.3%) -
Gómez-Caro (2005) [8] 15 (13/2) 11 4 0 1 (25%)
Carretta (2011) [51] 14 (7/7) 10 4 0 0
Koletsis (2012) [36] 15 (10/5) 15 0 1 (6.6%) -
Lyons (2013) [15] 22 (0/22) 22 0 1 (4.5%) 0

TABLE 3. Results of treatment in iatrogenic airway trauma.
Author (Year) Total No. Surgical treatment

No. Pts
Conservative

treatment No. pts
Surgical treatment

mortality
Conservative

treatment mortality
Gómez-Caro (2005) [8] 18 2 16 1 (50%) 3 (18.7%)
Conti (2006) [41] 30 2 28 2 (100%) 4 (14.2%)
Leinung (2006) [66] 42 35 7 1 (2.8%) 2 (28.5%)
Schneider (2007) [76] 29 18 11 3 (16.6%) 0
Leoncini (2008) 15 3 12 0 0
Cardillo (2010) [46] 30 1 29 0 0
Carretta (2011) [51] 36 20 16 1 (5%) 1 (6.25%)
Koletsis (2012) [36] 10 7 3 0 0
Ceylan (2013) [17] 18 18 0 0 0
Herrmann (2019) [47] 64 43 21 10 (23.2%) 0

fibrin glue was indicated in level I and II lesions, while level
IIIb lesions required surgical treatment. On the other hand,
in patients with level IIIa lesions, which represented only a
small part of the series analysed, indication of conservative or
surgical treatment was defined after multidisciplinary evalu-
ation [46]. It must be considered, however, that along with
endoscopic features, clinical conditions and associated lesions
remain a key issue in defining the therapeutic strategy. In
fact, stable vital signs, adequate respiratory parameters under
spontaneous or mechanical ventilation, absence of esophageal
injury, minimal mediastinal fluid, nonprogressive mediastinal
and/or subcutaneous emphysema, and absence of sepsis must
be evaluated when considering the feasibility of a conserva-
tive treatment. Moreover, endoscopic classifications such as
the one proposed by Cardillo et al. mainly refer to lesions
involving the membranous wall, which are more frequently
observed in patients with iatrogenic lesions. In patients with
post-traumatic injuries due to blunt and particularly to penetrat-
ing trauma, which more often present complex characteristics
and are associated with unstable clinical features, surgical
treatment is usually more frequently indicated (Tables 2 and
3).

6. Conservative treatment

The role of conservative treatment has increased in recent
years. A nonsurgical approach was previously considered only
in the treatment of patients with a contraindication to surgical
treatment or when the involvement of the tracheobronchial
wall was limited [43, 44]. More recently, favourable results
with this approach have also been reported in the treatment
of more extensive lesions [8, 41]. Therefore, the specific
role of conservative and surgical treatment in the treatment
of airway trauma is a matter of debate. Miñambres et al.
observed a lower mortality after conservative treatment than
following surgery in patients with post-intubation lesions [16].
However, the comparative results of conservative and surgi-
cal treatment may be influenced by patient selection, since
complex lesions associated with unstable clinical features are
more often treated surgically. In fact, reports on conservative
treatment mainly refer to the treatment of iatrogenic lesions,
which are usually limited to the membranous part of the airway
and not associated with other post-traumatic lesions. Candi-
dates for conservative treatment should be clinically stable,
maintain adequate respiratory parameters under spontaneous
ventilation or while intubated, and have no mediastinal fluid
collection, signs of infection, esophageal lesions, increasing
pneumomediastinum, or persistent pneumothorax. The type
of conservative treatment may be differentiated according to
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FIGURE 2. Therapeutic strategy of post-traumatic airway lesions according to clinical and endoscopic features. See
reference [46].

endoscopic features. Clinically stable patients with level I and
II lesions may undergo observation, which is usually associ-
ated with broad-spectrum antibiotic therapy and endoscopic
treatment with fibrin glue [46, 47]. The use of preventive
tracheotomy or minitracheotomy to reduce airway pressure
and wound gaping during cough has been reported, but their
role still has to be completely evaluated [48]. In patients
requiring mechanical ventilation and with a contraindication
to surgical treatment, an endotracheal tube or a tracheotomy
cannula with the cuff distal to the lesion is positioned. Care
should be taken to maintain the tube cuff inflated to the lowest
sealing pressure required to maintain ventilaton, in order to
reduce the risk of further airway damage. This is especially
true in patients with nasogastric intubation, in whom a tra-
cheoesophageal fistula may develop due to the compression
and ischemia of the tracheal and esophageal walls between
the endotracheal and nasogastric tubes [49]. After respiratory
weaning, when a significant posterior esophageal bulging is
observed, a Montgomery T-tube may replace the tracheostomy
cannula to allow physiological phonation while healing of the
injury is completed [50, 51]. In the choice of conservative
treatment, it is mandatory to bear in mind that surgical treat-
ment may be a viable option for only 48 to 72 hours after
the onset of the lesion. In fact, mortality associated with late
surgical treatment is significantly higher due to sepsis, reduced
vascularization of the lesion margins, and development of
adhesions [52]. Pros and cons of a conservative treatment
must therefore be carefully considered. This is particularly
true in patients with full-thickness lesions of the airway and
communication with the mediastinum, even without signs of
infection or esophageal lesions. In this case the indication for
conservative treatment should be taken into consideration only

after a multidisciplinary evaluation, performed in a center with
extensive experience in the treatment of airway lesions (Fig. 2)
[53].

7. Endoscopic treatment

Conservative treatment of post-traumatic airway lesions with
fibrin glue and tracheal or bronchial stents has been described
[21, 46, 47, 54]. Self-expanding metallic stents are preferred
by some authors since they more easily adapt to the shape of
the tracheobronchial tree and more effectively seal the lesion,
but care has to be taken to appropriately select the correct stent
size to avoid enlargement of the injury [55–57]. Moreover,
stent removal after healing may be rather demanding. Con-
versely, the use of silicon stents is associated with a higher
risk of migration, and their use is typically limited to lesions
involving the carinal region (Y-stents) or in patients bearing
a tracheostomy (Montgomery T-tubes) [50, 58]. Granulation
tissue formation, usually considered a drawback of airway
stents, may facilitate healing of the lesion. Stenting of post-
traumatic lesions is usually a temporary treatment, and the
stents are removed after a few weeks or months once the
lesion has successfully healed. Recently, endoscopic repair
of longitudinal lesions of the membranous part of the trachea
under rigid bronchoscopy has been reported. Welter et al. used
a dedicated endoscopic needle holder to repair the tracheal
lesion with a continuous absorbable suture, while Krassas
et al. used a conventional endoscopic needle holder [59,
60]. Although the reduced invasiveness of this approach
may be an advantage especially in frail patients, it may have
significant limitations. It seems at present suitable only in the
repair of longitudinal lesions of the membranous part of the
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trachea, since repair of bronchial lacerations may be impaired
by the reduced size of the airway, which limits adequate
movements of the instrumentation. Moreover, identification
and mobilization of the lesion margins to complete the repair
may be arduous, even in experienced hands. Anesthesiological
critical issues concern the fact that the procedure is performed
under jet ventilation and is therefore contraindicated in pa-
tients requiring other types of ventilation. Nevertheless, this
approach may represent an alternative to surgery in selected
patients with level IIIa lesions in stable clinical conditions.

8. Surgical treatment

Surgery remains the gold standard treatment in patients with
unstable clinical features, inadequate respiratory parameters,
worsening pneumomediastinum, persistent air leaks, risk of
infection due to communication with the mediastinum, and
associated pulmonary, esophageal, or vascular lesions. The
surgical approach is selected on the basis of a careful endo-
scopic and radiological assessment, which should not only de-
termine the extension and characteristics of the lesions but also
clearly show their location. Accurately determining whether
the lesion is in the cervical or mediastinal region is essential
to correctly choosing the surgical approach and completing
treatment [36]. A tranverse or left cervicotomy is the standard
incision for lesions of the proximal two-thirds of the trachea,
associated with a partial sternotomy when the lesion extends to
the middle trachea. A left cervical approach may be indicated
in case of combined airway and esophageal lesions, although
this approach is associated with a higher risk of recurrent
laryngeal nerve palsy. The anterior transtracheal approach,
described by Angelillo-Mackinlay and Lancelin, is associated
with a reduced risk of recurrent nerve damage and may be
successfully used in the treatment of lesions involving the
upper two-thirds of the trachea, although contraindicated in
the presence of associated esophageal lesions [61, 62]. The
use of a bronchoscope during the procedure may aid in the
visualization of lesions of the distal part of the airway. Injuries
of the lower third of the trachea are better treated through a
right thoracotomy in the fourth intercostal space, sectioning
the azygos vein to allow optimal exposure, and a thoracotomy
on the side of the lesion is required in the presence of bronchial
disruptions. The use of a transmediastinal approach through a
sternotomy has also been described in the treatment of lesions
in the carinal region, especially if associated with vascular
lesions. The use of a clamshell approach has also been re-
ported, but its use is limited to the treatment of airway lesions
associated with major cardiovascular or pulmonary trauma
[14, 15].
The technique of repair should be adapted to the specific

characteristics of the lesion. End-to-end reconstruction is
indicated in case of complete separation of the airway or if
extensive damage of the airway is observed. However, direct
repair of the lesion with interrupted or continuous absorbable
sutures with the knots tied outside the lumen is indicated in
most cases (Figs. 3 and 4) [15]. Careful dissection and de-
bridment of the lesion margins should be performed, avoiding
devascularization. It must be taken into consideration that
in patients with penetrating injuries due to bullets, the high

FIGURE 3. Operative view (right thoracotomy):
intrathoracic post-intubation tracheal injury (arrow).

energy of the penetrating object may extend the devitalization
of the airway beyond the visible margins of the lesion [63].
Whenever direct repair cannot be accomplished or when major
pulmonary lesions are associated to the airway lesion, anatom-
ical lung resections may be required [6]. Some authors advise
buttressing the suture with viable tissue, such as pericardial
fat pad or pedicled intercostal and cervical strap muscles,
particularly if the patient cannot be extubated soon after the
procedure or in the presence of poorly vascularized lesion
margins [7]. A tracheostomy, performed at least 1 cm away
from the suture line to avoid ischemia and dehiscence, may
be indicated if laryngeal oedema or recurrent laryngeal nerve
lesions are present [64]. In patients submitted to tracheal end-
to-end reconstruction, whenever tension on the suture line is
observed during surgery, a laryngeal or hilar release should
be associated, and the patient’s neck maintained in a flexed
position in the first postoperative week. The reported periop-
erative mortality of a patient submitted to surgical treatment
varies largely among the reported series and is significantly
influenced by associated post-traumatic lesions or comorbidi-
ties. In particular, the need for a pneumonectomy in patients
with major pulmonary lesions is associated with a significant
increase of the mortality rate [65]. Acording to Leinung
et al. the results are adversely influenced by the presence
of mediastinitis, a longer interval of time between diagnosis
and treatment and previous surgical procedures involving the
mediastinum [66].
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TABLE 4. Techniques to maintain gas exchange during surgical treatment of post-traumatic airway lesions.
Cervicotomy approach
Cross-field ventilation
High-frequency jet ventilation (HFJV)
Extracorporeal membrane oxygenation (ECMO)
Thoracotomy approach
Cross-field ventilation
High frequency jet ventilation (HFJV)
Double-lumen tracheobronchial tube
Tracheal intubation and bronchial occlusion with endobronchial blockers
Intubation of the contralateral main bronchus with extra-long tube
Extracorporeal membrane oxygenation (ECMO)

FIGURE 4. Surgical repair of the lesion with interrupted
absorbable suture.

9. Anesthesia

Prompt and accurate airway control is mandatory to save
the lives of patients with airway lesions and allow adequate
treatment to be accomplished. Whenever possible broncho-
scopic intubation should be used to avoid further damage of
the airway, especially when a total disruption of the airway is
present [1]. The cuff of the endotracheal tube should be posi-
tioned distal to the lesion of the airway to correctly ventilate the
patient. Different methods may be used to maintain adequate
gas exchange during surgical treatment, while maintaining an

adequate exposure of the surgical field. Strict cooperation
between the anesthesiologist and the surgeon is of utmost
importance in patients with airway lesions, especially in those
with complex lesions and impaired respiratory function due
to associated pulmonary lesions. Most tracheal lesions are
repaired during cross-field ventilationwith intermittent periods
of apnea [67]. The use of high-frequency jet ventilation may
be indicated when the endotracheal tube significantly impairs
intraoperative visualization of the airway. However, its use
is associated with a higher risk of hypercapnia and has spe-
cific limitations in obese patients and in case of reduced lung
compliance [68]. When one-lung ventilation is required for
the treatment of intrathoracic lesions, it may be obtained with
bronchial blockers, double-lumen tracheobronchial tubes or by
intubating the contralateral main bronchus with an extra-long
bronchial tube. In patients with a contusion of the dependent
lung, unilateral ventilation must be limited to short periods
to maintain adequate gas exchange and prevent acidosis. In
the treatment of patients with intrathoracic lesions, the correct
position of the endotracheal tube should be endoscopically
verified before the mediastinal pleura is opened. In fact, an
intact pleura may limit air leaks during mechanical ventilation
even if the tube is incorrectly positioned, and a sudden loss
of ventilation may happen as soon as the mediastinal space
is opened. Significant ventilation problems may also arise
in the presence of lesions near the carina, since positioning
the tube of the endotracheal tube beyond the lesion while
maintaining effective ventilation may not be possible. In
these circumstances, and when intubation of the distal airway
due to complete separation cannot be safely accomplished,
ECMO may be indicated, despite a higher risk of bleeding
and of iatrogenic vascular lesions [69–71]. Another possible
indication for ECMO is inadequate oxygenation due to major
post-traumatic pulmonary lesions. Veno-venous ECMO is
used in patients with preserved cardiac function, and veno-
arterial ECMOor CPB (cardiopulmonary bypass) is used in the
presence of associated cardiac lesions or when the heart has to
be moblilized during repair of complex airway lesions [72, 73].
Another major advantage of ECMO is that it may allow early
extubation, reducing the trauma due to endotracheal tube on
the site of trachobronchial repair (Table 4).
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10. Late presentation

Post-traumatic tracheobronchial injuries may not be diagnosed
at the time of the acute event and have a delayed clinical pre-
sentation days or weeks after the trauma [12, 74, 75]. This may
happen in patients with partial lesions of the airway or when
the lesion is buttressed by surrounding cervical or mediastinal
tissue, with adequate ventilation maintained throughout the
healing process. The late onset of symptoms is mainly due
to the repair process, leading to a cicatricial stenosis. Rarely,
delayed presentation of complex lesions as tracheoesophageal
fistulas is observed, with a diagnosis usually obtained fol-
lowing persistent cough and recurrent pulmonary infections.
The diagnostic and therapeutic approach to delayed lesions is
similar to that of postintubation stenosis of the airway, and air-
way resection and reconstruction may be indicated once acute
inflammation has subsided [67]. Tracheobronchial stents may
be used in patients with a contraindication to surgical treatment
or as a temporary approach before surgery. Treatment of
tracheoesophageal fistulas consists of esophageal and airway
reconstruction, associated with muscle interposition between
the esophagus and the trachea to prevent recurrence [49].
An airway lesion must be suspected in patients who develop
respiratory symptoms after major trauma even late after the
event. However, it has to be considered that most delayed post-
traumatic airway lesions are due to post-intubation stenosis
rather than to the trauma itself.

11. Conclusions

Post-traumatic tracheobronchial lesions are relatively rare
events, associated with high mortality unless a prompt
diagnosis and an accurate treatment are accomplished. A
high degree of suspicion is therefore of utmost importance.
Bronchoscopy has a main role in confirming the presence of an
airway lesion and in the definition of the therapeutic strategy.
In recent years conservative treatment, differentiated on the
basis of endoscopic features, has been increasingly proposed.
However, indications for conservative or surgical treatment
have to be defined not only on the basis of endoscopic features
but also according to clinical and radiological parameters.
This is particularly true in lesions due to blunt and penetrating
trauma, which often have complex characteristics and are
associated with other post-traumatic injuries, which are
issues that have a significant impact on mortality. In the
treatment of such lesions, therefore, surgery still has a major
role. A conservative approach may on the other hand be
more frequently indicated in the treatment of iatrogenic
lesions, although surgical treatment is still indicated in case
of full-thickness airway lesions with a wide communication
with the mediastinum. Full-thickness lesions with minor
mediastinal communication and no signs of mediastinal
infection require a multidisciplinary evaluation performed
by experts in the field of airway treatment to define the
optimal treatment. In this case the indication for conservative
treatment has to be carefully weighed, since the results of
surgical treatment after failure of a conservative approach
are extremely poor, and postoperative mortality is markedly
increased when surgical treatment is performed late and after

the onset of signs of infection. Strict cooperation between
anesthesiologist, endoscopist, and surgeon is of utmost
importance during airway management, in the emergency
setting, and intraoperatively to reduce mortality. Advanced
techniques such as ECMO may be indicated in patients who
cannot be successfully ventilated or in those with associated
pulmonary or cardiovascular lesions and may allow to push
forward the indications for the treatment of post-traumatic
airway lesions.
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