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Abstract

Background: Tracheal trauma is a rare but life-threatening injury associated with high morbidity and mortality. Its management
is complex due to the trachea's proximity to vital structures like the great vessels, esophagus, and recurrent laryngeal nerves,
often resulting in concomitant injuries. The true incidence is likely underestimated due to high prehospital mortality and
underreporting of iatrogenic cases.

Aim: This article aims to provide a comprehensive review of the multidisciplinary assessment and management of tracheal
trauma, emphasizing the integration of specialties including emergency medicine, radiology, nursing, pharmacy, and general
surgery to optimize patient outcomes.

Methods: A detailed analysis of tracheal trauma is presented, covering anatomy, etiology (blunt, penetrating, iatrogenic, and
inhalational), pathophysiology, and epidemiology. The evaluation process, including clinical presentation, imaging (with CT as
the preferred modality), and definitive diagnosis via bronchoscopy, is explored. Management principles are discussed through
the lens of established classification systems like the Schaefer and Cardillo systems.

Results: Successful outcomes depend on prompt, multidisciplinary action. Initial priority is securing the airway, ideally via
awake fiberoptic intubation. Management is then individualized: minor injuries may be treated conservatively with observation
and antibiotics, while larger or full-thickness lacerations require surgical repair. Complications such as stenosis, infection, and
vocal cord dysfunction are common, necessitating long-term follow-up.

Conclusion: A high index of suspicion, immediate airway stabilization, and a coordinated, team-based approach are critical for
managing tracheal trauma. Adherence to structured evaluation and treatment protocols significantly improves survival and
reduces long-term sequelae.

Keywords: Tracheal Trauma, Airway Management, Multidisciplinary Care, Bronchoscopy, Blunt Trauma, latrogenic Injury,
Tracheal Stenosis, Surgical Repair

Introduction
The trachea is a fibromuscular and

of inspired and expired air. Structurally, the trachea is
composed of approximately 18 to 22 C- or D-shaped

cartilaginous conduit that begins at the inferior border
of the cricoid cartilage and extends to the carina, where
it bifurcates into the right and left main bronchi. It
courses through the cervical region and superior
mediastinum, forming the critical anatomical bridge
between the upper airway (pharynx and larynx) and
the distal bronchial tree, thereby ensuring the passage

hyaline cartilaginous rings that are open posteriorly
and bridged by the trachealis muscle and membranous
wall, which provide both rigidity and dynamic
flexibility during respiration and coughing [1]. The
cervical and thoracic segments are conventionally
divided at the level of the thoracic inlet, with each
segment having distinct anatomical relationships and
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blood supplies. Vascularization of the cervical trachea
is derived primarily from branches of the inferior
thyroid and other subclavian artery branches, which
approach laterally and form a rich anastomotic
network superiorly, inferiorly, and anteriorly along the
tracheal wall [1]. In contrast, the thoracic trachea
receives its arterial supply predominantly from
bronchial arteries arising from the aorta, reflecting the
transition from cervical to intrathoracic structures. The
trachea is in close proximity to several vital structures,
including the esophagus posteriorly, the vagus and
recurrent laryngeal nerves, the thyroid gland, and
major vascular structures such as the carotid arteries,
jugular veins, innominate vessels, the aortic arch,
pulmonary trunk, and the azygos system, as well as the
vertebral column and spinal cord [1]. This dense and
complex anatomical neighborhood has major
implications for both the mechanisms and
consequences of tracheal trauma, as injury rarely
occurs in isolation and is frequently associated with
damage to adjacent neurovascular or digestive
structures. The study of tracheal injury is therefore
often integrated with that of neighboring airway
regions, leading to combined discussions of
tracheobronchial and laryngotracheal trauma in the
literature [1].
Etiology and Mechanisms of Tracheal Trauma
Tracheal trauma is relatively uncommon
compared with other airway or thoracic injuries, yet it
carries a disproportionately high risk of morbidity and
mortality when present. Mechanistically, tracheal
trauma can be categorized into iatrogenic,
inhalational, penetrating, and blunt mechanisms, each
with distinct pathophysiological and clinical profiles
[2]. latrogenic injuries are frequently related to
endotracheal intubation,  tracheostomy, rigid
bronchoscopy, or other invasive procedures involving
the airway. These may be acute, such as traumatic
intubation with cuff-induced laceration, or subacute
and chronic, as seen in prolonged overinflation of
endotracheal tube cuffs leading to ischemic damage,
mucosal necrosis, and eventual tracheal wall
breakdown [2]. Blunt trauma to the neck and chest,
most commonly resulting from motor vehicle
collisions, crush injuries, or severe deceleration forces,
may lead to shearing forces within the airway. These
are particularly likely to involve the distal trachea and
carinal region, with many injuries occurring within
approximately 3 cm of the carina [3]. The patterns of
tracheal laceration are variable; they may be
transverse, spiral, or longitudinal, with degrees of
tissue involvement ranging from superficial mucosal
disruption to full-thickness rupture of the tracheal wall
[4]. Penetrating injuries, including stab and gunshot
wounds, may damage the trachea directly or in
conjunction with vascular and esophageal injury,
producing complex combined trauma. The true
incidence of tracheal trauma is believed to be
underestimated.  latrogenic  lesions are often
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underreported, especially when clinically mild or
when recognized and managed intraoperatively [5]. In
addition, patients sustaining severe blunt or
penetrating tracheal injuries frequently die at the scene
or during transport because of airway compromise or
exsanguination and therefore never reach hospital
care, further contributing to underestimation in
epidemiologic data [2][5]. When tracheal injuries do
occur, they are frequently associated with concomitant
damage to the cervical spine, great vessels, carotid and
jugular systems, or the digestive tract. These
associated injuries compound the risk profile and
contribute to the high morbidity and mortality
associated with tracheal trauma [2]. Regardless of
etiology, prompt recognition and timely surgical or
interventional repair are essential to preserving airway
integrity, preventing long-term stenosis, and reducing
loss of pulmonary function [6].

Anatomy of the Trachea
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Fig. 1: Tracheal anatomy.

Clinical Presentation and Diagnostic Evaluation

A high index of suspicion is paramount in the
early detection of tracheal trauma, as subtle or
nonspecific signs may mask potentially life-
threatening injury [7]. The clinical presentation is
highly variable and is influenced by the mechanism,
anatomical location, and extent of the injury as well as
by associated injuries. In the acute setting,
characteristic ~ features  include  subcutaneous
emphysema in the neck or chest, pneumomediastinum,
and pneumothorax, which may be unilateral, bilateral,
tension, or recurrent despite chest tube drainage [2].
These findings are frequently accompanied by
respiratory distress or frank respiratory failure when
the injury significantly compromises airway patency.
Other manifestations include blood-tinged sputum,
hemoptysis, hoarseness, dysphagia, odynophagia,
chest pain, and, less commonly, pneumoperitoneum
due to tracking of air along fascial planes [2][5].
Physical examination may reveal neck swelling,



Bader Omaym Assem Aljanfawi et.al. 1289

palpable crepitus, stridor, voice changes, or deviation
of the trachea. Chest radiography and computed
tomography often demonstrate pneumomediastinum,
persistent pneumothorax, or air tracking along the
tracheobronchial tree. With an appropriate index of
suspicion, the radiologic triad most frequently
associated  with  tracheal  injury includes
pneumomediastinum, pneumothorax, and extensive
subcutaneous emphysema, typically accompanied by
varying degrees of dyspnea [7]. Definitive diagnosis
generally requires endoscopic evaluation. Flexible or
rigid bronchoscopy allows direct visualization of
lacerations, disruptions, mucosal tears, and associated
intraluminal pathology, and it is crucial for both
diagnosis and planning of therapeutic interventions

Location of
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9% penetrating
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injuries

Location
of %
majority

of blunt18%
trauma

Fig. 2: Locations of Tracheal Lesions.
Management Principles and Multidisciplinary
Care

Management of tracheal trauma must be
individualized based on the patient’s overall condition,
the mechanism and extent of injury, and the presence
of associated lesions. Because airway compromise is
the most immediate threat to life, initial management
prioritizes securing a patent airway and stabilizing
cardiorespiratory status [2]. Optimal airway control is
often achieved using awake fiberoptic-guided
intubation, advancing an endotracheal tube distal to
the site of injury whenever possible to avoid enlarging
the laceration or converting a partial tear into a
complete disruption [7]. In some cases, especially with
extensive or complex lesions, emergent surgical
airway or rigid bronchoscopy may be required.
Simultaneous attention must be directed toward
associated injuries, including management of
hemorrhage, cervical spine stabilization, and control
of thoracic or abdominal trauma. Once the airway is
secured and the patient stabilized, definitive
management of the tracheal lesion is determined by the
size, depth, location, and mechanism of the injury as
well as the presence of infection or mediastinal
contamination. Small, partial-thickness lacerations
without major air leak or respiratory compromise may
be managed conservatively with close observation,
humidified  oxygen, antibiotics, and  serial
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bronchoscopic evaluation [4]. Larger or full-thickness
ruptures, particularly those associated with significant
air leak, unstable wventilation, or mediastinitis,
generally require surgical exploration and primary
repair, often through cervical or thoracic approaches
[8]. Surgical principles include meticulous
debridement of devitalized tissue, tension-free closure,
preservation of blood supply, and, when necessary,
reinforcement with vascularized tissue flaps [8].
Because tracheal trauma lies at the intersection of
airway, thoracic, and critical care medicine, its optimal
management typically requires a multidisciplinary
team. Emergency medical services and emergency
physicians provide initial stabilization and triage;
anesthesiologists and intensivists coordinate complex
airway strategies; thoracic and otolaryngologic
surgeons perform definitive repair; radiologists
interpret diagnostic imaging; nurses contribute to
continuous monitoring, postoperative care, and early
recognition of complications; and pharmacists support
rational use of sedatives, analgesics, antibiotics, and
adjunctive pharmacotherapy [2][7][8].
Complications and Long-Term Outcomes

Even with early recognition and appropriate
management, tracheal trauma carries a considerable
risk of both early and late complications. In the acute
period, patients are at risk of respiratory failure,
persistent air leaks, pneumothorax,
pneumomediastinum, and mediastinitis, particularly
when diagnosis is delayed or infection has already
developed [6]. Over the longer term, post-traumatic
sequelae may include tracheal stenosis due to scar
formation, granulation tissue, or malapposition of the
repaired segments, as well as decreased lung function
related to chronic airway narrowing or parenchymal
injury [9]. Vocal cord paralysis may arise from
concomitant or iatrogenic injury to the recurrent
laryngeal nerves, resulting in dysphonia, aspiration
risk, and impaired airway protection [9]. Additionally,
chronic infection, recurrent pneumonia, and the need
for repeated interventions such as dilatation, stenting,
or revision surgery can significantly impact quality of
life. Long-term outcomes are strongly influenced by
the timing of diagnosis, the precision of surgical
technique, and the adequacy of postoperative care and
rehabilitation. Early identification and prompt, well-
planned repair have been shown to reduce the
incidence of strictures, improve pulmonary outcomes,
and minimize persistent functional deficits [6][9].
Comprehensive follow-up, including pulmonary
function testing and periodic bronchoscopic
assessment when indicated, is essential to detect
evolving stenosis or other late complications and to
intervene before irreversible damage occurs.
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Fig. 3: Chest X-ray With Bilateral Pneumothoraces
Etiology
Tracheal trauma arises from a diverse range
of mechanisms, each producing characteristic patterns
of injury that reflect the trachea’s anatomical position,

structure, and physiological function. These
mechanisms fall broadly into iatrogenic, inhalation-
related, penetrating, and blunt categories, and may be
acute, such as those encountered in stab wounds or
crush injuries, or subacute, as seen in prolonged
endotracheal tube overinflation leading to ischemic
pressure necrosis of tracheal tissues [2]. Trauma may
involve the cervical or thoracic portions of the trachea;
injuries to the cervical region are generally more
apparent clinically because of their superficial
location, while thoracic injuries may remain occult
and are often detected only through imaging or
bronchoscopy. In instances  where the
tracheobronchial tree is compromised, bronchial
injuries tend to be more common than tracheal
injuries, particularly in blunt trauma settings where
shearing forces act upon the fixed bronchial tree,
producing tears or complete disruptions [6]. The
etiological patterns of tracheal trauma therefore reflect
not only the mechanism of injury but also the
anatomical constraints and biomechanical properties
of the airway. Penetrating trauma represents a major
and clinically significant cause of tracheal injury.
These injuries typically involve sharp or ballistic
mechanisms that breach the cervical or upper thoracic
compartments. Penetrating neck injuries, whether
from knives, sharp objects, or shrapnel, should prompt
immediate  suspicion for underlying tracheal
disruption, because even small external wounds may
conceal substantial internal damage. Although such
trauma is more frequently encountered in the cervical
trachea owing to its exposed position, it can occur at
any point along the tracheal pathway and may extend
into neighboring structures including the esophagus,
thyroid, major blood vessels, and nerves [4]. Gunshot
wounds demand particular caution, as the high kinetic
energy involved can create complex injury patterns
that extend beyond the direct bullet path due to the
formation of temporary cavities and blast effects [4].
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In such cases, the likelihood of combined
aerodigestive, neurovascular, and airway injuries is
substantially increased, complicating both diagnosis
and management.

Blunt force trauma is the most common
overall cause of tracheal injury and frequently results
from high-energy mechanisms such as motor vehicle
collisions, falls from height, industrial accidents, or
direct blows to the neck or chest [10]. These injuries
may arise from compression, rapid deceleration,
strangulation, or extreme flexion and extension of the
neck, producing a range of tracheal disruptions. Blunt
trauma tends to affect the thoracic trachea more
frequently than the cervical portion, although cervical
involvement often includes fractures or displacements
of the cartilaginous rings. Several theories attempt to
explain the biomechanical basis of blunt thoracic
tracheal injury. One mechanism, frequently associated
with crush injuries, suggests that the high-impact force
shortens the anteroposterior thoracic diameter while
widening the transverse axis. Because the lungs
remain fixed against the chest wall, this distorting
force transmits tension to the centrally anchored
carina, predisposing it to separation or rupture [9]. A
second theory proposes that a sudden increase in
intratracheal pressure, especially with a closed glottis,
may cause rupture along the posterior
intercartilaginous membrane. A third explanation
attributes these injuries to the shearing forces
generated during rapid deceleration, such as those
experienced in vehicular collisions, where differential
motion between the rigid carina and more mobile
distal lung tissue produces tearing at the junction of
fixed and unfixed airway components [9]. latrogenic
trauma is another significant cause of tracheal injury
and often results from routine airway management
procedures. Endotracheal intubation is the most
common source of such injuries, particularly in
emergency situations, when operator experience may
be limited or anatomical challenges complicate the
procedure [4]. Tracheal damage may result from
improper use of stylets, forceful insertion of the tube,
high-pressure endotracheal cuffs, or attempts to
reposition the tube while the cuff remains inflated.
Certain patient populations are at higher risk for
iatrogenic injury, including older adults between the
ages of 50 and 70, individuals with elevated body mass
index, females—who often have smaller airway
diameters—and patients on chronic corticosteroid
therapy, which weakens connective tissue and
increases susceptibility to mucosal tearing [4]. Most
iatrogenic injuries occur along the posterior
membranous wall, where the absence of cartilaginous
support renders the tissue more vulnerable to
perforation.

Inhalation and aspiration injuries form
another etiological category, resulting from exposure
to noxious gases, hot vapor, smoke, chemicals, or
aspirated foreign bodies. These injurious agents
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typically damage the tracheal mucosa through thermal
insult, chemical irritation, or mechanical abrasion,
leading to inflammation, ulceration, and weakening of
the supporting cartilage [11]. Inhalation injuries are
especially concerning in the context of fires or
industrial accidents, where direct heat exposure and
toxic gas inhalation can cause progressive airway
edema, mucosal sloughing, and delayed airway
compromise. Aspiration of foreign bodies can
similarly induce localized trauma, obstruction, or
subsequent infection,  complicating  clinical
management. Overall, the etiology of tracheal trauma
encompasses a broad spectrum of high- and low-
velocity events, medical interventions, and
environmental ~ factors.  Understanding  these
mechanisms is essential for early recognition, accurate
diagnosis, and timely intervention, each of which
directly influences patient outcomes and reduces the
risk of long-term airway sequelae.
Epidemiology

Tracheal trauma is an uncommon but
clinically significant entity, and its true incidence is
widely believed to be wunderestimated. This
underestimation is attributed in large part to
underreporting iatrogenic injuries and the high
prehospital mortality associated with severe airway
trauma, with some data suggesting that up to 82% of
patients with traumatic tracheal injuries die before
arriving at the hospital [5][2][12]. Epidemiologic
estimates from large emergency care databases
illustrate the rarity of these injuries. According to the
US National Emergency Service Sample, the
incidence of laryngotracheal injury in patients
presenting to the emergency department has been
reported as approximately 1 in 125,000 cases, while
another review places this figure closer to 1 in 30,000
emergency department presentations, emphasizing the
variability in reported rates depending on the
population and methodology studied [12]. Despite this
apparent rarity, the clinical impact of tracheal trauma
is disproportionate because of its association with life-
threatening airway compromise, concomitant injuries,
and the need for complex multidisciplinary
management [2]. Within the broader spectrum of blunt
trauma, tracheal injury remains relatively uncommon,
with case series suggesting that only about 2.1% to
5.3% of patients who sustain blunt chest trauma are
found to have tracheal involvement [12].
Nevertheless, blunt mechanisms account for the
majority of tracheal injuries overall, typically arising
from direct blows, compression or strangulation, rapid
deceleration, and shearing mechanisms such as
“clothesline” injuries associated with sudden neck
extension or flexion [10]. Blunt trauma is thought to
be responsible for approximately 60% of all external
laryngeal injuries, highlighting its dominant role in
upper airway trauma [10]. Approximately two-thirds
of upper airway injuries involve the cervical trachea,
with the remaining one-third predominantly affecting
the larynx, a distribution that reflects both anatomical
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exposure and the tendency of blunt forces to impact
the anterior neck region [12]. Although penetrating
trauma to the trachea is less common than blunt injury,
the trachea is the most frequently involved airway
structure in stab wounds to the neck, emphasizing its
vulnerability in this anatomical corridor [12]. In such
cases, tracheal injury is often accompanied by cervical
soft tissue and skeletal trauma as well as vascular or
digestive tract involvement, and mortality is more
commonly related to concomitant major vascular
injury than to the airway lesion itself [12].
Additionally, failed or flawed intubation attempts in
this context can precipitate or exacerbate fatal
outcomes, underscoring the critical importance of
skilled airway management [2].

latrogenic  trauma  constitutes  another
important epidemiologic category and is primarily
related to airway instrumentation, particularly
endotracheal intubation and tracheostomy. Based on
various case reports and series, the incidence of
tracheal injury attributable to endotracheal intubation
has been estimated to range from 0.005% to 0.37%, a
seemingly small proportion that nevertheless
translates into a meaningful number of affected
patients given the high frequency of intubation in
modern healthcare [5][2]. Most injuries requiring
tracheal reconstruction are iatrogenic in origin and are
associated with  tracheostomies or prolonged
endotracheal intubation [3]. Among these, cuff-related
injuries—where excessive or prolonged cuff pressure
compromises tracheal mucosal blood flow and results
in necrosis, ulceration, and eventual structural
damage—are the most common [3]. Inhalation injuries
also contribute significantly to the burden of tracheal
damage; they are estimated to occur in 10% to 20% of
all patients admitted with burn injuries and frequently
involve the larynx, trachea, and lower airways [13].
Such injuries may not always be immediately apparent
and can evolve over hours as mucosal edema and
sloughing progress, further complicating early
epidemiologic recognition. A notable feature of
tracheal trauma epidemiology is the frequency of
occult or initially subtle presentations. Up to 25% of
patients with acute laryngotracheal trauma who
ultimately require surgical intervention may show no
obvious physical evidence of injury at the time of first
evaluation, and clinical signs can be delayed for 24 to
48 hours [14]. This tendency toward delayed
manifestation, combined with high prehospital
mortality and underreporting of iatrogenic events,
means that available epidemiologic figures likely
represent a conservative estimate of the true incidence
[5][12][14]. Mortality among patients who reach
medical care with acute tracheal trauma remains
substantial, with reported rates ranging from 15% to
40%, depending on the causal mechanism, the
anatomical location and severity of the injury, and the
presence of associated thoracic, vascular, or
neurologic trauma [14]. Consequently, a high index of
suspicion and early diagnostic vigilance are essential
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not only for improving individual patient outcomes but
also for more accurately defining the epidemiologic
profile of this complex and underrecognized group of
injuries [2][14].

Pathophysiology

The pathophysiology of tracheal trauma
reflects the unique anatomical and biomechanical
properties of the trachea, as well as the forces applied
during various mechanisms of injury. Tracheal
disruption may involve partial or complete damage to
the cartilaginous rings, membranous posterior wall, or
adjacent airway structures. Direct blunt trauma is the
most common mechanism responsible for injuries to
the cartilaginous framework, particularly in high-
energy impacts such as motor vehicle collisions, falls,
or blows to the neck [12]. The tracheal rings,
composed of hyaline cartilage, are designed to provide
structural integrity while maintaining flexibility
during respiration. However, when subjected to
sudden compression, these rings may fracture,
collapse inward, or become displaced, narrowing the
airway lumen and compromising ventilation. Shearing
forces generated during rapid flexion or extension of
the neck can result in tracheal tears or even
laryngotracheal separation, a severe and often lethal
form of injury. These forces act at points of fixation—
such as where the cricoid cartilage anchors superiorly
and the carina anchors distally—Ileading to tearing at
transitions between mobile and immobile airway
segments. This mechanism is particularly evident in
deceleration injuries, where the differential movement
of the neck and thoracic cavity produces abrupt stress
on the tracheal wall. Chest crush injuries represent
another important pathophysiologic mechanism, in
which external forces compress the thoracic cage and
airway structures between the sternum or manubrium
anteriorly and the vertebral column posteriorly [12].
This compression can generate enough mechanical
stress to cause sagittal tears of the membranous trachea
or proximal bronchi. Because the posterior tracheal
wall lacks cartilaginous support, it is especially
vulnerable to this type of injury. The resulting
lacerations can lead to rapid escape of air into the
mediastinum, pleural cavities, or subcutaneous tissues,
producing pneumomediastinum, pneumothorax, or
extensive subcutaneous emphysema.

The spectrum of tracheal injuries includes
contusions, lacerations, hematomas, avulsions, and
fractures or dislocations of the tracheal cartilage.
Contusions typically involve mucosal edema,
hemorrhage,  and inflammation,  potentially
progressing to obstruction as swelling increases.
Lacerations may involve mucosal or full-thickness
tears, with full-thickness injuries allowing air leakage
and increasing the risk of infection or mediastinitis.
Hematomas can expand within the airway wall,
narrowing the lumen and impairing airflow. Avulsion
injuries—partial or complete detachment of the
trachea from adjacent structures—represent some of
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the most catastrophic forms of trauma. In rare
circumstances, complete transection of the trachea
may occur, typically resulting in immediate life-
threatening airway compromise. Patients with near-
complete or complete transections may paradoxically
retain some ability to ventilate through tissue
apposition, but even minimal movement can lead to
airway collapse and sudden respiratory arrest [12].
Without rapid recognition and airway stabilization,
mortality is extremely high. Overall, the
pathophysiologic consequences of tracheal trauma
depend on the extent and location of injury, the
integrity of surrounding tissues, and the presence of
associated vascular or thoracic injuries, all of which
dictate the urgency and complexity of required
management.
History and Physical

The clinical presentation of tracheal trauma
encompasses a wide spectrum of symptoms and
physical findings, many of which depend heavily on
the mechanism, severity, and anatomical location of
the injury, as well as the involvement of adjacent
aerodigestive and vascular structures. Because the
trachea lies within a densely packed anatomical
corridor, even relatively small injuries may produce
significant functional impairment or rapidly evolving
respiratory compromise. In acute settings, the most
frequently  observed  manifestations  include
subcutaneous emphysema, pneumomediastinum, and
pneumothorax, all of which may be present with or
without signs of respiratory failure [2][5].
Subcutaneous emphysema—often described as a
crackling sensation upon palpation of the neck or
upper chest—results from air escaping into soft tissues
through a breach in the tracheal wall.
Pneumomediastinum and pneumothorax similarly
reflect the dissemination of air into surrounding
thoracic spaces and may contribute to simple or
tension physiology that complicates respiratory
mechanics. Other important symptoms in the acute
phase include blood-tinged sputum, hemoptysis,
dyspnea, dysphagia, chest pain, and, in rare cases,
pneumoperitoneum due to extension of mediastinal air
along fascial planes [2][5]. Hoarseness, resulting from
direct laryngeal involvement or recurrent laryngeal
nerve irritation, is a classic early feature and is
reported in approximately 85% of cases. Hemoptysis
occurs in roughly 25% of patients and typically
reflects mucosal disruption, though significant or brisk
hemoptysis raises concern for concomitant vascular
injury and should prompt urgent evaluation [5].
Despite these potentially dramatic symptoms, tracheal
trauma may also present insidiously, particularly in
cases of iatrogenic injury where the endotracheal tube
cuff temporarily seals the underlying defect. When
these patients undergo extubation, rapid clinical
deterioration may ensue due to loss of this temporary
seal, leading to acute air leak, respiratory distress, or
persistent pneumothorax [2][5]. For this reason,
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clinicians should maintain a high index of suspicion
for tracheal injury in mechanically ventilated patients
who develop recurrent pneumothorax, persistent air
leak despite chest tube placement, or unexpected
respiratory  decompensation immediately after
extubation.

Diagnosis based solely on clinical
presentation is challenging because many signs
overlap with other thoracic injuries, such as rib
fractures, blunt chest trauma, or pulmonary contusion,
all of which may similarly produce subcutaneous
emphysema, pneumothorax, or respiratory distress [5].
This overlap contributes to diagnostic delays, which
are well-documented in the literature and associated
with worse clinical outcomes. Subacute presentations
further complicate the diagnostic process. Injuries
such as tracheoesophageal fistulas or developing
laryngotracheal stenosis may arise days to weeks after
the initial insult and produce symptoms including
chronic cough, aspiration events, fever, progressive
dysphagia, hemoptysis, and retrosternal or neck pain
[15][16]. These evolving signs often mimic infectious
or gastrointestinal conditions, delaying recognition
unless clinicians are aware of prior airway
instrumentation or trauma. The physical examination
provides essential diagnostic clues, though the absence
of clinical findings does not exclude tracheal injury.
Pertinent  findings include stridor, cyanosis,
respiratory distress, hoarseness, and voice changes, all
of which may indicate airway obstruction or
compromised vocal cord function. Palpation may
reveal crepitus associated with subcutaneous
emphysema, while auscultation may detect a
mediastinal crunch—a rhythmic crackling sound
synchronous  with  the  heartbeat—suggesting
pneumomediastinum [12]. The “laryngeal triad” of
dyspnea, stridor, and hoarseness is considered
characteristic of laryngotracheal trauma, although it
may be absent in up to half of cases, especially during
the first 24 to 48 hours when symptoms are evolving
[12]. Additional findings may include edema or
deformity of the thyroid cartilage, reduced respiratory
rate, or asymmetric chest expansion. In penetrating
trauma, the presence of air bubbling from a neck
wound or air escape during respiration is strongly
suggestive of tracheobronchial injury and warrants
immediate airway evaluation and imaging [5].
Overall, the historical and physical examination
aspects of tracheal trauma require careful, systematic
evaluation and a high degree of clinical vigilance.
Both delayed and subtle presentations are common,
underscoring the importance of correlating clinical
findings with mechanism of injury and maintaining
suspicion even when early symptoms appear minimal
or nonspecific.

Evaluation

Evaluation of tracheal trauma begins with the
standard trauma resuscitation framework, prioritizing
Airway, Breathing, and Circulation, with particular
emphasis on securing and protecting the airway as
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early as possible. Because tracheal injuries can rapidly
progress due to edema, hematoma formation, or
dynamic airway collapse, clinicians should maintain a
low threshold for definitive airway management when
such an injury is suspected. Supine positioning, which
is often required for imaging or other procedures, may
further compromise an already tenuous airway,
reinforcing the need for prompt intervention. When
signs of airway injury are present, including
respiratory distress, stridor, hoarseness, or significant
subcutaneous emphysema, the immediate focus must
be on ensuring airway patency; definitive evaluation
of the tracheal lesion often has to be deferred until the
airway is secured and associated life-threatening
injuries are addressed. Endotracheal intubation may be
attempted, but it should ideally be performed in a
controlled setting with a double set-up, meaning that
equipment and personnel for emergent cricothyrotomy
or surgical airway are immediately available at the
bedside. Because pharmacologic induction and
neuromuscular paralysis can eliminate spontaneous
ventilation and potentially precipitate airway collapse
in an already unstable airway, awake intubation with
flexible bronchoscopy is often recommended,
allowing visualization of the injury and placement of
the tube distal to the lesion while maintaining
spontaneous breathing whenever feasible [3].
Adjunctive measures at this stage include suctioning
of secretions and blood to prevent aspiration and
optimize ventilation, administration of supplemental
oxygen, establishment of intravenous access, and
initiation of fluid resuscitation as indicated for
hemodynamic instability.

Once the airway is secured and the patient
stabilized, a more comprehensive trauma evaluation is
undertaken. Initial diagnostic imaging in the
emergency setting commonly begins with plain
radiography of the neck and chest. Chest radiographs
can rapidly identify pneumothorax,
pneumomediastinum,  subcutaneous emphysema,
malpositioned endotracheal or tracheostomy tubes,
cuff overinflation, and tracheal deviation, all of which
may suggest underlying tracheal injury [15]. A chest
x-ray may also reveal bilateral pneumothoraces or
mediastinal widening that warrant urgent further
investigation. However, plain radiography lacks
sensitivity, and a normal study does not exclude
significant airway trauma. In hemodynamically and
respiratorily stable patients with suspected tracheal
injury, contrast-enhanced computed tomography of
the neck and chest is the preferred cross-sectional
imaging modality, as it more accurately delineates the
presence and extent of pneumomediastinum,
pneumothorax, pneumoperitoneum, and associated
injuries [17][5]. CT can reveal subtle air tracking
along the tracheobronchial tree, focal defects in the
tracheal wall, and surrounding soft-tissue changes that
might not be evident on radiographs. Despite its
superiority to plain films, CT imaging has limitations.
In patients with an unsecured or precarious airway,
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transport to the CT scanner and the requirement for
supine positioning can significantly increase the risk
of airway collapse, making CT inappropriate until the
airway has been definitively managed. Furthermore,
CT may yield false-negative results when the tracheal
defect is small or obscured by adjacent edema,
hemorrhage, or retained secretions. Nonetheless, CT
provides important additional information, including
the presence of sternal fractures, mediastinal
hematomas, and vascular disruptions when
intravenous contrast is used. It is particularly useful for
identifying concomitant injuries to the great vessels,
the cricoid cartilage, the laryngeal nerves, and the
esophagus, which is involved in approximately 25% of
penetrating upper airway injuries, as well as for
detecting cervical spine injuries that occur in 10% to
50% of patients with blunt airway trauma [17][5]. CT
angiography may be performed when vascular injury
is suspected, with special attention to the carotid
arteries, which represent the most commonly injured
vessels in the context of tracheobronchial trauma
[17][5].

Even with advances in  imaging,
bronchoscopy remains the gold standard diagnostic
tool for tracheal trauma. Flexible or rigid
bronchoscopy allows direct visualization of the
tracheal lumen, enabling clinicians to precisely
characterize the location, extent, and morphology of
the injury and thereby tailor the management approach
[2][18][5][15]. Bronchoscopic findings may include
deviation of the bronchial axis, mucosal bleeding,
clots, focal lacerations or tears, laryngotracheal
stenosis, or evidence of tracheoesophageal fistula.
Importantly,  bronchoscopy  confirms  correct
positioning of the endotracheal tube distal to the
injured segment and can guide selective intubation of
a main bronchus if necessary to maintain adequate
ventilation. It may also facilitate therapeutic
interventions such as suctioning of secretions and
blood, temporary stenting, or placement of devices to
control air leaks. Because of its diagnostic precision
and the ability to inform immediate therapeutic
decisions, bronchoscopy is considered indispensable
in the evaluation of suspected tracheal trauma. To
standardize assessment and guide management,
several classification systems for tracheal and
laryngotracheal injuries have been developed. The
Schaefer Classification System, recommended by the
American Academy of Otolaryngology—Head and
Neck Surgery, is widely used to grade the severity of
laryngeal and upper tracheal trauma [12][17]. In this
system, grade 1 injuries comprise minor endolaryngeal
hematomas or lacerations without detectable fractures,
generally managed conservatively. Grade 2 injuries
include more extensive edema or hematoma, minor
mucosal disruption without exposed cartilage, or
nondisplaced fractures. Grade 3 injuries are
characterized by massive edema, large mucosal
lacerations, exposed cartilage, displaced fractures, or
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vocal cord immobility, and typically require more
aggressive intervention. Grade 4 injuries represent
more severe forms of grade 3, with extensive mucosal
disruption, exposed cartilage, displaced or unstable
fractures, disruption of the anterior laryngeal
framework, or the presence of multiple fracture lines
and severe mucosal damage. Grade 5 injuries denote
complete laryngotracheal separation, the most
catastrophic category, which is associated with a high
risk of acute airway loss and demands emergent
surgical management [12].

A more recent classification proposed by
Cardillo and colleagues focuses specifically on
tracheal wall injuries and their relationship to
mediastinal contamination and esophageal
involvement [2]. In this schema, grade 1 injuries are
confined to the mucosa or submucosa without
mediastinal emphysema or esophageal damage. Grade
2 injuries extend into the muscular wall and are
associated with subcutaneous or mediastinal
emphysema but lack esophageal injury or
mediastinitis. Grade 3A injuries involve complete
laceration of the tracheal wall with herniation of
esophageal or mediastinal soft tissue into the airway
lumen but still without esophageal perforation or
mediastinitis. Grade 3B injuries include any laceration
complicated by esophageal injury or mediastinitis,
representing the most severe forms in this system and
often requiring complex combined surgical
approaches. These classification schemes are
clinically valuable because they correlate with
prognosis and help define which patients may be
safely managed conservatively and which require
urgent operative repair. In summary, the evaluation of
tracheal trauma is a structured but complex process
that must integrate emergent airway management,
targeted imaging, definitive endoscopic assessment,
and standardized injury grading. Early recognition,
thoughtful use of diagnostic modalities, and accurate
classification are critical in shaping timely and
appropriate interventions, ultimately improving
outcomes in this high-risk patient population.
Treatment / Management

Management of tracheal trauma requires a
highly individualized approach that considers the
severity of the injury, the patient’s physiological
stability, the mechanism of trauma, and the presence
of associated injuries. The Schaefer Classification
System is frequently used to guide clinical decision-
making, as it stratifies injuries by severity and thereby
helps determine which patients may be safely
managed conservatively and which require urgent
operative intervention [12]. Regardless  of
classification, the cornerstone of tracheal trauma
management is prompt and effective airway control.
Early recognition of potential airway injury is
essential, as traditional approaches to airway
management—particularly rapid sequence
intubation—may  significantly ~worsen tracheal



Bader Omaym Assem Aljanfawi et.al. 1295

disruption or convert a partial tear into a complete one
[19]. For this reason, clinicians must maintain a high
degree of suspicion in any patient with compatible
symptoms or mechanisms, especially those presenting
with  subcutaneous  emphysema,  unexplained
pneumothorax, persistent air leak, or respiratory
distress following extubation. The optimal method for
securing the airway in suspected or confirmed tracheal
injury is awake intubation using a flexible
bronchoscope. This technique allows real-time
visualization of the airway while preserving
spontaneous ventilation, reducing the risk of tracheal
collapse during induction, and promoting safe
placement of the endotracheal tube beyond the level of
injury. Inflating the cuff distal to the injured segment
minimizes further trauma and helps contain air leakage
[19]. Awake fiberoptic intubation also reduces the
need for neuromuscular blockade, which can
precipitate dynamic airway collapse by eliminating
tone in the surrounding musculature that may be
temporarily stabilizing the injured trachea.

However, awake intubation may not always
be feasible. Patients who are rapidly desaturating,
hemodynamically unstable, or unable to tolerate the
procedure may require alternative strategies. Rigid
bronchoscopy with inhalational induction is an
important option in such cases. Rigid bronchoscopy
allows better visualization and control of the proximal
airway, particularly when bleeding, clots, debris, or
distorted anatomy obscure the view during flexible
bronchoscopy. It also provides a conduit for
suctioning blood and secretions, removing obstructing
material, and stabilizing or stenting the airway
temporarily. That said, rigid bronchoscopy is
technically challenging in patients with cervical spine
injuries who cannot extend their neck, requiring
coordination with neurosurgery or spine teams to
minimize further harm. When endotracheal intubation
is unsuccessful or inappropriate, tracheostomy
becomes an important alternative. This is especially
applicable in patients with craniomaxillofacial trauma,
where upper airway access is compromised, or in those
who have experienced repeated failed intubation
attempts. For patients with penetrating cervical
tracheal injury, a tracheostomy tube may be placed
directly through the wound tract, an approach that
minimizes additional tissue disruption and preserves
injured structures for future definitive surgical repair
[20]. Tracheostomy may also be indicated for ongoing
airway protection, prolonged mechanical ventilation,
or to facilitate management of associated
aerodigestive injuries. Beyond airway stabilization,
management must include careful assessment and
treatment of other traumatic injuries. Associated
vascular, esophageal, or spinal injuries are common
and may significantly influence the timing and method
of airway intervention. Stabilization of these
additional injuries takes priority when they pose
immediate life-threatening risks, although airway
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security must always be ensured before addressing
secondary concerns.

Following airway control, treatment
strategies vary widely depending on the classification
and severity of the injury. Minor mucosal tears, small
hematomas, and non-displaced laryngeal or tracheal
fractures (Schaefer grades 1 and some grade 2) may be
managed conservatively with humidified oxygen,
corticosteroids to reduce edema, voice rest, and close
inpatient ~ monitoring.  Serial  bronchoscopic
evaluations are often performed to ensure healing and
detect granulation tissue, stricture formation, or
secondary infection. Moderate injuries with exposed
cartilage, displaced fractures, or vocal cord immobility
(Schaefer grade 3) typically require operative repair to
restore airway stability and prevent long-term
complications such as stenosis. Severe injuries,
including major mucosal lacerations, unstable
fractures, and especially complete laryngotracheal
separation (Schaefer grades 4 and 5), require emergent
surgical reconstruction to re-establish airway
continuity and prevent fatal airway loss [12]. In
summary, the management of tracheal trauma is
complex and demands coordinated multidisciplinary
involvement from emergency medicine, anesthesia,
otolaryngology, thoracic surgery, trauma surgery, and
critical care. Early recognition, appropriate airway
strategy, and classification-guided intervention are
central to optimizing outcomes and reducing the risk
of long-term morbidity.

Conservative Management

Conservative management of tracheal trauma
is an important therapeutic strategy in carefully
selected patients and, in appropriately chosen cases,
may be superior to surgical intervention in terms of
morbidity, recovery time, and overall risk profile.[20]
Patients most likely to benefit from nonoperative
management are those with mild, stable injuries that
meet specific anatomical and clinical criteria.
Typically, these are iatrogenic injuries with short
lacerations, generally less than 2 cm in length,
involving less than one-third of the tracheal
circumference, without evidence of major associated
injuries, ongoing air leak, or progressive respiratory
compromise.[4] In such cases, the intrinsic healing
capacity of the tracheal mucosa and submucosa is
often sufficient, and small tracheal wounds have been
observed to heal spontaneously within approximately
48 hours when the airway is protected and the patient
is closely monitored.[17] To standardize decision-
making, Fuhrman, Cardillo, and others have proposed
guidelines and classification schemes that assist
clinicians in determining whether a particular tracheal
lesion is amenable to conservative treatment rather
than immediate surgical repair.[4][8][21] These
frameworks emphasize not only the size and depth of
the laceration but also the presence or absence of
mediastinal ~ emphysema,  esophageal  injury,
mediastinitis, and systemic signs of sepsis or
hemodynamic instability. Conservative management
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generally includes a combination of head elevation to
reduce edema, systemic corticosteroids to minimize
airway swelling, broad-spectrum antibiotics to prevent
infectious complications, humidified oxygen to
promote mucociliary clearance, strict voice rest to
reduce laryngeal strain, and antireflux therapy to
protect the injured mucosa from acid exposure.[17]
These measures aim to optimize the local environment
for epithelial regeneration, prevent secondary
infection, and avoid mechanical stresses that could
widen the laceration or precipitate dehiscence.

For very small lacerations, particularly those
less than 5 mm, adjunctive use of surgical adhesive
glues has been described as a minimally invasive way
to reinforce the injured segment and enhance sealing
of the defect.[22] In patients who are poor candidates
for open surgical repair because of comorbidities,
physiologic instability, or unfavorable anatomy,
airway stenting may be employed as part of a
conservative or semi-conservative strategy.[22]
Endoluminal techniques, including stent placement or
endoscopic repair, can be particularly effective in
patients with posterior membranous wall injuries who
tolerate jet ventilation or insufflation and in whom the
structural attachments remain intact.[4] These
approaches aim to bridge the defect, stabilize the
airway lumen, and prevent dynamic collapse while
natural healing progresses. Patients managed
conservatively must be observed in a high-acuity or
critical care setting because even initially mild injuries
may deteriorate due to edema, infection, or extension
of the tear. Continuous monitoring for respiratory
distress, increasing subcutaneous emphysema, new or
enlarging pneumomediastinum, or hemodynamic
instability is essential. Humidified oxygen should be
provided to limit mucosal drying, and serial
examinations—often including repeat
bronchoscopy—are recommended to document
progressive healing and to detect complications such
as granulation tissue or developing stenosis.[2]
Antibiotic prophylaxis is generally advised for
approximately one week to reduce the risk of
mediastinitis or tracheobronchitis, particularly in cases
associated with penetrating trauma, inhalation injury,
or prolonged intubation.[2] Inhalation injuries
represent a special situation in which conservative
management principles intersect with the need for
early airway protection. Although the mucosal damage
caused by thermal or chemical inhalation may
eventually heal, these patients are at high risk of rapid
deterioration due to laryngeal and tracheal edema.
Accordingly, early and aggressive  airway
management is recommended, often with endotracheal
intubation and escalation to cricothyrotomy or
tracheostomy if necessary.[17] Once the airway is
secured, supportive care with humidification,
bronchodilators, pulmonary toilet, and antireflux
measures remains central to conservative therapy, but
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close surveillance is essential given the potential for
delayed airway obstruction.
Surgical Management

Despite advances in conservative strategies,
surgical management remains the cornerstone of
treatment for moderate to severe tracheal injuries and
for those cases in which nonoperative therapy fails or
is inappropriate. Surgical repair may involve primary
closure of lacerations, reduction and fixation of
fractured cartilages, and, in the most severe cases,
circumferential resection with end-to-end anastomosis
when a complete transection or nonviable segment is
present.[9][24] In  general, early surgical
exploration—ideally within 24 hours of injury—is
recommended, as this timing is associated with
reduced scarring, lower rates of airway stenosis, and
better restoration of airway function.[9] When
endolaryngeal or tracheal stents are used as part of the
repair, they are typically removed within 10 to 14 days
to minimize complications related to granulation,
infection, or stent migration.[23] Airway stenting has
become a mainstay in the management of selected
tracheal injuries, whether as a temporizing measure or
adjunct to definitive surgical repair. The principal
types of stents currently in use are metallic and
silicone designs, with metallic stents sometimes
coated to modulate tissue interaction.[23] Both
categories are available in various configurations,
including straight, T-shaped, and Y-shaped models, to
accommodate complex injuries that may involve the
trachea and main bronchi. Stents can be placed using
either rigid or flexible bronchoscopy, depending on
operator expertise, patient anatomy, and the location
of the lesion.[23] Regardless of the stent type, careful
attention must be paid to ensuring that the airway
remains patent distal to the stented segment and that
regular surveillance is performed for complications
such as migration, fracture, infection, biofilm
formation, mucus plugging, or obstructing granulation
tissue.[23] Ongoing research into drug-eluting,
biodegradable, and custom 3-dimensional printed
stents aims to reduce these complications and improve
long-term outcomes.[23]

The choice of surgical approach is dictated by
the location of the injury and the presence of
concomitant cervical or thoracic trauma.[4][9]
Cervical tracheal injuries are commonly addressed via
a transverse collar incision, which may be extended
inferiorly toward the manubrium and second
intercostal space to gain access down to the
innominate vessels if required.[4] After division of the
anterior neck muscles, the tracheal cartilages are
exposed, and a midline thyrotomy may be performed
to visualize and repair endolaryngeal mucosal
lacerations. These are typically closed with fine
absorbable sutures, and when indicated, a laryngeal
stent is placed and secured to maintain lumen patency
during healing.[4] Fractured laryngeal or tracheal
cartilages are reduced and stabilized, often with plates
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and four-point fixation, to limit motion at the fracture
site and reduce inflammation and scar formation.[4]
For more distal lesions involving the carina or main
bronchi, right anterolateral or posterolateral
thoracotomy is usually preferred, whereas the distal
left main bronchus may require a left posterolateral
thoracotomy for adequate exposure.[4] Once the
injury is exposed, meticulous debridement of
devitalized tissue is essential, followed by primary
closure using 3-0 or 4-0 absorbable sutures.[24]
Transverse lacerations are commonly repaired with
simple interrupted stitches, which allow precise
approximation and tension control, whereas
longitudinal defects are well suited to continuous
suturing techniques.[24] In cases of complete
transection, immediate airway rescue—often via
tracheostomy—is undertaken, followed by repair of
the cricoid cartilage if fractured and circumferential
resection of nonviable tracheal segments with end-to-
end anastomosis, except at the carina where more
limited debridement and reconstruction are
preferred.[24] Vascularized pericardial or mediastinal
fat flaps may be used to reinforce repairs at risk of
ischemia or dehiscence, providing an additional layer
of protection and enhancing healing.[24] Sutures are
generally tied with knots placed extraluminally to
avoid intraluminal irritation, granuloma formation,
and subsequent stricture.[4]
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Fig. 4: Incisions for Tracheal Surgery.

Postoperatively, closed thoracic drainage and
negative intrathoracic pressure assist in lung re-
expansion and help seal the repaired defect by
reducing air leakage.[3] Head and neck
immobilization for one to two weeks may be
recommended to reduce tension on the anastomosis or
repair site.[3] Continued antibiotic therapy,
bronchoscopic secretion clearance, and pulmonary
rehabilitation with incentive spirometry are critical
components of postoperative care.[3] Pharmacologic
adjuncts, including systemic steroids to limit edema,
proton pump inhibitors to reduce acid reflux, and
antitussives to suppress excessive coughing, can
further protect the repair and promote optimal
healing.[8][25] These principles are reflected in the
Schaefer-based recommendations, in which lower-
grade injuries (grade 1 and selected grade 2) are
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typically managed conservatively with flexible
laryngoscopy and serial examinations, whereas
higher-grade injuries (grades 3 to 5) require escalating
interventions including tracheostomy, open repair,
stenting, and complex reconstructive procedures after
securing a temporary airway.[12] Together,
conservative and surgical strategies form a continuum
of care that must be carefully individualized to each
patient’s injury pattern, physiological status, and long-
term functional needs.

Differential Diagnosis

The differential diagnosis of tracheal trauma
is broad and reflects both the diversity of potential
mechanisms and the complexity of adjacent
anatomical structures that may be simultaneously
injured. Because blunt and penetrating trauma are
among the most common causes of tracheal injury,
clinicians must assume that nearby structures such as
the larynx, bronchi, lung parenchyma, esophagus,
recurrent laryngeal nerves, vagus nerve, carotid and
jugular vessels, pulmonary trunk, aorta, and cervical
musculature may also be affected and may, in fact,
account for the dominant clinical picture in the initial
assessment [1]. This overlap makes it essential to
distinguish primary tracheal lesions from other
thoracic or cervical injuries that produce similar signs
and symptoms, such as dyspnea, stridor, subcutaneous
emphysema, hemoptysis, and chest pain. Other causes
of hypoxia and respiratory distress must be carefully
considered. Pneumothorax, pulmonary contusion, and
pulmonary laceration can each present with tachypnea,
hypoxia, reduced breath sounds, and radiographic
abnormalities that resemble tracheobronchial injury.
In many trauma patients, a pneumothorax can occur
without tracheal disruption, and thus persistent or
recurrent pneumothorax despite appropriate chest tube
placement should raise, rather than confirm, suspicion
for a tracheal tear. Similarly, pulmonary contusion
may account for hypoxia and hemoptysis without any
airway disruption, especially after high-velocity blunt
trauma. Distinguishing these entities requires careful
correlation of mechanism, physical examination,
imaging, and, when indicated, bronchoscopy. Airway
obstruction in the setting of closed head injury or
maxillofacial trauma represents another critical
differential consideration. Patients with depressed
mental status, facial fractures, or severe oropharyngeal
swelling may develop compromised airways that
simulate or mask the presence of tracheal injury. In
such cases, obstruction may be supraglottic or glottic
rather than tracheal, and endotracheal intubation or
surgical airway may be required for reasons unrelated
to direct tracheal trauma. Nonetheless, difficult or
traumatic intubation in this context can itself cause
iatrogenic  tracheal damage, compounding the
diagnostic challenge.

Vascular injuries to the great vessels of the
neck and thorax, including the carotid arteries, jugular
veins, innominate vessels, and aortic arch, must
likewise be differentiated from isolated tracheal
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trauma. Expanding cervical or mediastinal
hematomas, hemodynamic instability, and signs of
stroke or neurologic deficit may predominate when
major vessels are involved. These injuries can coexist
with tracheal disruption or mimic its presentation
through compressive airway compromise, hoarseness,
or dyspnea. Advanced imaging such as CT
angiography is often required to clarify the
contributions of vascular and airway pathology in
these complex cases. Finally, esophageal perforation,
recurrent laryngeal nerve injury, and direct laryngeal
trauma can all present with dysphagia, odynophagia,
hoarseness, and subcutaneous emphysema, closely
simulating tracheal damage. Differentiating among
these possibilities requires a combination of detailed
history, endoscopic evaluation, and radiologic
imaging. Ultimately, accurate distinction between
tracheal trauma and these overlapping diagnoses is
crucial, as management strategies, urgency of
intervention, and long-term sequelae can differ
significantly [1].
Prognosis

The prognosis of tracheal trauma is highly
dependent on the timeliness of diagnosis, adequacy of
airway management, and presence of associated
injuries. Prompt definitive care significantly improves
outcomes; delays are strongly associated with adverse
sequelae such as excessive scar formation, fixed
airway strictures, recurrent infections, and chronic
respiratory impairment [14]. Historical data indicate a
marked improvement in survival over the past several
decades. Mortality rates, which were approximately
36% before 1950, had decreased to around 9% by
2001, reflecting advances in trauma systems, airway
management techniques, imaging modalities, and
surgical reconstruction [20]. Nonetheless, these
improvements are not uniform, and prognosis
continues to vary widely depending on the mechanism
and severity of the trauma. The cause of injury plays
an important prognostic role. Blunt tracheal injuries,
particularly those resulting from deceleration or
compressive mechanisms without extensive crushing,
tend to have a better prognosis than crush injuries,
which often involve more extensive tissue destruction,
comminuted cartilage fractures, and significant
associated thoracic trauma [9]. Penetrating injuries
carry a variable prognosis depending on whether
major vascular or esophageal structures are involved;
mortality in these cases often relates more to
uncontrollable hemorrhage or mediastinal sepsis than
to the airway lesion itself. latrogenic injuries,
especially those recognized early in the perioperative
setting, frequently have favorable outcomes when
managed appropriately, with many small lacerations
healing spontaneously under conservative therapy
[20].

In fatal cases of tracheal trauma, concomitant
injuries are common and significantly influence cause
of death. Studies have reported that, among patients
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who die after sustaining tracheal trauma, 40% to 100%
of tracheal injuries are determined to be a direct or
major contributing cause of death, often due to failure
to secure the airway or unrecognized tracheobronchial
rupture leading to profound hypoxia, tension
pneumothorax, or circulatory collapse [9]. This
underscores the central prognostic importance of early
high-quality airway management and a high index of
suspicion in trauma resuscitation. Overall, when
tracheal injuries are detected early, appropriately
evaluated, and managed according to established
principles—including timely surgical repair when
indicated—clinical outcomes are favorable in the
majority of patients. Reports suggest that more than
90% of patients achieve satisfactory outcomes when
early detection and appropriate treatment are
implemented [20]. Long-term prognosis then hinges
on the prevention or management of late
complications such as stenosis, recurrent infections, or
voice changes. Consequently, structured follow-up
with clinical assessment, pulmonary function testing,
and, when necessary, repeat endoscopic evaluation is
integral to achieving optimal long-term results
[14][20].
Complications

Tracheal trauma is associated with a broad
range of complications that may arise in the
immediate, early postoperative, or long-term phases of
care. The most immediate and life-threatening
complication is acute airway compromise, which may
occur due to dynamic collapse of a structurally
weakened trachea, obstructive hematoma, edema, or
complete laryngotracheal separation. Even when the
airway is successfully stabilized, patients remain at
risk for systemic complications, particularly
pulmonary infections, sepsis, and multi-organ system
failure, all of which are major contributors to mortality
in this population [20]. The combination of impaired
airway clearance, mechanical ventilation, and
concomitant thoracic injuries predisposes many
patients to pneumonia and subsequent septic
complications. From a respiratory standpoint,
atelectasis, bronchiectasis, and chronic impairment of
mucociliary clearance can contribute to persistent
reductions in pulmonary function [9]. These
conditions may develop as a consequence of airway
distortion, recurrent infections, or chronic obstruction
due to scarring and granulation tissue. Pneumothorax
and recurrent or persistent air leaks remain important
complications, especially when tracheobronchial tears
are incompletely sealed or when ongoing ventilation
exerts excessive pressure on the repair. Aspiration,
whether due to impaired laryngeal competence, vocal
cord dysfunction, or tracheoesophageal fistula, further
increases the risk of pneumonia and chronic lung
disease. Airway obstruction can also arise from
expanding hematoma, progressive edema, or the
development of chronic stenosis. Scar tissue formation
at the site of injury or repair can gradually narrow the
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lumen, resulting in exertional dyspnea, stridor, or
recurrent respiratory infections. These stenoses may
require repeated endoscopic dilatation, stenting, or
surgical revision. Difficulties with phonation are
relatively common, particularly after blunt trauma or
delayed intervention, as vocal cord mobility may be
compromised by recurrent laryngeal nerve injury or by
structural deformation of the laryngeal framework.
Tracheoesophageal fistula represents a
particularly serious complication, often arising from
combined airway and esophageal trauma or from
pressure necrosis due to prolonged endotracheal or
tracheostomy cuff overinflation. These fistulas permit
the passage of secretions and gastric contents into the
airway, leading to chronic aspiration, infection, and
malnutrition. Recurrent laryngeal nerve injury can
lead to unilateral or bilateral vocal cord paralysis,
causing hoarseness, aspiration risk, and, in severe
cases, airway obstruction requiring  further
intervention. Other complications include persistent
subcutaneous emphysema and pneumomediastinum,
which, if progressive, may compromise airway
patency or, rarely, result in air embolism with
catastrophic ~ cardiovascular  and neurologic
consequences [4][26]. Wound infections and
mediastinitis are also significant concerns, particularly
when esophageal injuries or contaminated penetrating
trauma are involved. Careful postoperative
monitoring, judicious use of antibiotics, and prompt
treatment of early complications are therefore
essential to minimizing morbidity and optimizing
long-term outcomes [9][20][26].
Postoperative and Rehabilitation Care
Postoperative care following surgical repair
of tracheal trauma is critical to the success of the
intervention and to the prevention of early and late
complications. The primary goal in the immediate
postoperative period is to protect the surgical repair
from mechanical stress while ensuring adequate
ventilation, oxygenation, and clearance of secretions.
One commonly employed strategy is to maintain the
neck in flexion, often referred to as the Pearson
position, for one to two weeks after surgery. This
positioning reduces longitudinal tension on the
tracheal anastomosis or repair site, thereby decreasing
the risk of suture line dehiscence and promoting
optimal healing. Concurrently, elevating the head of
the bed helps reduce cervical and upper airway edema,
improving respiratory mechanics and patient comfort.
Antibiotic prophylaxis with broad-spectrum agents is
typically recommended in the early postoperative
period, particularly ~ when  repairs involve
contaminated wounds, concomitant esophageal
injuries, or extensive mediastinal exposure. The goal
is to prevent localized wound infection, pneumonia,
mediastinitis, and sepsis. Close monitoring of vital
signs, inflammatory markers, and chest imaging
facilitates early detection of infectious complications.
Another crucial aspect is the careful management of
the endotracheal or tracheostomy tube. The cuff must
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be positioned so that it does not overlie the site of
repair, as cuff pressure directly on the healing tissue
can impair perfusion, delay mucosal regeneration, and
predispose to dehiscence or fistula formation. Regular
confirmation of tube position, judicious cuff pressure
control, and early transition to a less invasive airway
when appropriate all contribute to protecting the
repair. Pulmonary care is also central to postoperative
recovery. Bronchoscopic suctioning may be needed to
remove blood, secretions, and debris, particularly in
patients with impaired cough or mucociliary function.
Incentive spirometry, deep breathing exercises, and
early mobilization help prevent atelectasis and reduce
the risk of pneumonia. In cases where stents have been
placed, scheduled bronchoscopic evaluations are often
necessary to assess stent position, clear mucus plugs,
and monitor for granulation tissue or obstruction. The
timing of stent removal is individualized but often
occurs within days to a few weeks, depending on the
extent of injury and the risk of restenosis.

Rehabilitation extends beyond the immediate
postoperative phase. Patients with associated vocal
cord dysfunction or laryngeal injury may benefit from
speech and swallowing therapy to optimize phonation
and reduce aspiration risk. Pulmonary rehabilitation
can improve exercise tolerance and functional status in
those with significant parenchymal injury or
prolonged ventilator dependence. Long-term follow-
up typically includes periodic clinical assessments,
pulmonary function testing, and, when indicated,
repeat imaging or endoscopy to detect late
complications such as stenosis, recurrent fistula, or
chronic infection. Psychological support may also be
important, particularly for patients who have survived
severe trauma, prolonged intensive care stays, or
difficult postoperative courses. Addressing anxiety,
post-traumatic stress, and concerns about voice,
breathing, or cosmetic outcomes contributes to holistic
recovery. In this context, a coordinated,
multidisciplinary approach to postoperative and
rehabilitation care is essential to maximizing
functional outcomes and quality of life after tracheal
trauma.
Consultations

The management of tracheal trauma is
inherently multidisciplinary, and early involvement of
appropriate consultants is vital to optimizing patient
outcomes. Otorhinolaryngology (ENT) specialists
play a central role in both diagnosis and management.
Early ENT consultation is recommended in virtually
all suspected cases, as these specialists possess
expertise in airway endoscopy, laryngeal and tracheal
anatomy, and reconstructive techniques crucial for
definitive treatment. ENT surgeons frequently
perform the diagnostic flexible or rigid laryngoscopy
and bronchoscopy that confirm the presence, location,
and extent of tracheal injury and guide decisions
regarding conservative versus surgical management.
Interventional radiology (IR) is often consulted when
there is concern for associated vascular injury or when
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minimally invasive procedures are indicated. IR
specialists can perform CT angiography interpretation,
endovascular embolization of bleeding vessels, or
stent placement in selected cases of vascular or airway
compromise. Their involvement is particularly
valuable in complex penetrating injuries of the neck
and mediastinum, where traditional open surgical
exposure may be challenging or high risk. Similarly,
gastroenterology (GI) consultation is essential when
there is suspicion of esophageal injury, given the close
anatomical relationship between the trachea and
esophagus. Gl specialists can perform esophagoscopy
or contrast studies to identify perforations, fistulas, or
mucosal injuries that require targeted management,
including surgical repair, endoscopic stenting, or
nutritional support via alternative routes.

Trauma surgery and thoracic surgery teams
are usually involved early, particularly in high-energy
blunt trauma or penetrating injuries involving the chest
and neck. These specialists are responsible for overall
resuscitation, operative planning, and thoracic or
cervical exposure for complex repairs. Neurosurgery
or orthopedic spine services may be required when
cervical spine injuries coexist with airway trauma, as
decisions regarding neck movement, positioning, and
timing of spinal stabilization can significantly affect
airway management strategies. In the intensive care
unit, pulmonologists and critical care specialists
monitor respiratory status, manage mechanical
ventilation, and oversee the prevention and treatment
of pneumonia, ARDS, and other pulmonary
complications. Infectious disease specialists may
guide antibiotic selection and duration, particularly in
cases complicated by mediastinitis, sepsis, or
multidrug-resistant organisms. Specialized nursing
staff, including trauma and critical care nurses and
respiratory therapists, provide continuous bedside
care, perform frequent assessments, and implement
complex protocols for airway care, ventilator
management, and rehabilitation. Thus, the effective
management of tracheal trauma requires coordinated
input from multiple disciplines, with timely
consultations helping to identify and address all facets
of the injury—from airway stabilization and surgical
repair to vascular, esophageal, neurologic, and
infectious complications. Early and comprehensive
consultation patterns are strongly associated with
improved outcomes in these high-risk patients.
Patient Education

Given that most tracheal injuries arise from
traumatic or  iatrogenic  causes,  significant
opportunities exist for prevention through clinician
education, system improvements, and patient-focused
safety measures. In the clinical setting, one of the most
important strategies to reduce iatrogenic tracheal
injury is the proper selection and use of endotracheal
tubes. Utilizing appropriately sized tubes, avoiding
unnecessary upsizing, and ensuring the use of low-
pressure, high-volume cuffs can markedly decrease
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the risk of pressure necrosis and mucosal damage.
Regular monitoring of cuff pressure and avoidance of
overinflation are essential, particularly in patients
requiring prolonged mechanical ventilation [25].
Careful use of stylets and bougies, with attention to
technique and depth, helps prevent direct trauma or
perforation of the posterior membranous wall. For
anticipated difficult airways, the use of flexible
bronchoscopes for intubation provides the dual benefit
of visualization and controlled tube placement,
reducing the risk of creating false passages or
exacerbating existing injuries [25]. Education of
clinicians in  fiberoptic  techniques, video
laryngoscopy, and advanced airway algorithms,
reinforced through simulation training and adherence
to institutional protocols, can significantly reduce
iatrogenic trauma. Adopting guidelines that encourage
early expert involvement in challenging intubations
and mandating documentation of difficult airways also
support safer care over time. Trauma-related tracheal
injuries can be mitigated through broader injury-
prevention strategies. Continued training in Advanced
Trauma Life Support (ATLS) principles equips
healthcare providers with the skills to recognize
airway compromise early, prioritize airway protection,
and coordinate multidisciplinary management, thereby
reducing mortality and morbidity [7]. On a population
level, improving motor vehicle safety remains critical.
Seatbelts, airbags, and vehicle design innovations
have helped reduce high-impact cervical and thoracic
trauma, including tracheal injuries, and ongoing
advancements can further decrease their incidence
[25][4]. Public health messaging that promotes
consistent use of seatbelts, appropriate child restraints,
and avoidance of impaired or distracted driving also
contributes to prevention.

In recreational and occupational settings,
neck protection during activities such as motorcycling,
all-terrain vehicle use, contact sports, or high-risk
industrial work can reduce the risk of direct blows or
clothesline-type injuries to the anterior neck [25].
Educational campaigns targeting these populations
can increase awareness of the risk of airway trauma
and the protective value of helmets and neck guards.
Efforts to reduce self-harm and suicide, including
enhanced mental health resources, crisis hotlines, and
community support programs, may decrease the
incidence of intentional neck trauma and
strangulation-related injuries that occasionally result
in tracheal damage [25]. Patient education after a
tracheal injury is also important. Individuals who have
experienced iatrogenic or traumatic tracheal trauma
should be counseled about signs of late
complications—such as progressive dyspnea, stridor,
recurrent respiratory infections, or changes in voice—
so that they seek medical evaluation promptly. In this
way, prevention efforts extend beyond the acute event,
aiming to reduce both primary incidence and the
burden of long-term sequelae.
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Other Issues

Several  key clinical  principles—or
“pearls”—are essential for clinicians involved in the
care of patients with suspected or confirmed tracheal
trauma. First, tracheal injury can arise from a variety
of mechanisms, including penetrating trauma,
inhalation injury, and blunt force. Failure to recognize
the potential for tracheal damage across this spectrum
can lead to delayed diagnosis and worse outcomes [2].
Closely related is the recognition that iatrogenic
trauma, especially from endotracheal tube (ETT) cuff
overinflation or traumatic intubation, is a salient and
preventable cause of tracheal injury. Vigilant cuff
pressure monitoring and meticulous intubation
technique are therefore crucial [25]. Early
investigation for tracheal trauma is warranted in any
patient with high-risk mechanisms or concerning
signs, such as persistent pneumothorax despite chest
tube placement, extensive subcutaneous emphysema,
unexplained pneumomediastinum, or acute respiratory
deterioration after extubation. Delays in diagnosis and
treatment are consistently associated with higher rates
of complications, including stenosis, infection, and
chronic respiratory impairment [7]. The proximity of
the trachea to other vital structures—cervical spine,
great vessels, esophagus, and recurrent laryngeal
nerves—means that concomitant injuries are common
and must be actively sought. A high index of suspicion
should be maintained for combined injuries, especially
in high-energy blunt trauma and penetrating neck
wounds [1][4]. Another critical pearl is that securing
and protecting the airway early is of paramount
importance. All subsequent diagnostic and therapeutic
interventions depend on a stable airway, and
aggressive imaging or endoscopy should never
precede adequate airway control in unstable patients
[7]. Awake fiberoptic intubation, rigid bronchoscopy,
or surgical airway may be required, and the risk of
airway collapse with induction should always be
considered in suspected tracheal disruption.

Clinicians must also remain attuned to the
range of potential complications. Pneumothorax,
aspiration, pulmonary infections, and sepsis can arise
early, while delayed airway stenosis, vocal cord
dysfunction, and chronic hoarseness may emerge later
due to scar tissue formation or nerve injury [9][20].
Proactive monitoring, early rehabilitation, and
scheduled follow-up help to identify and manage these
issues before they become fixed or debilitating.
Finally, the importance of communication and
teamwork in managing tracheal trauma cannot be
overstated. Because these injuries often present in
chaotic trauma settings, clear communication among
emergency physicians, anesthesiologists, surgeons,
radiologists, and nursing staff is essential for timely
diagnosis, safe airway management, and coordinated
definitive treatment. Institutions that emphasize
protocol-driven care, simulation training, and
debriefing after complex cases are better positioned to
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refine their approaches and improve outcomes over
time [7][27].
Enhancing Healthcare Team Outcomes

Tracheal trauma is a prototypical example of
a high-risk, time-sensitive emergency that demands
coordinated, interprofessional care. The patient’s
ability to maintain an airway is immediately
jeopardized, and the window for effective intervention
may be narrow. Outcomes therefore depend not only
on individual technical skills but also on the efficiency
and cohesion of the healthcare team. Care typically
begins in the prehospital setting, where emergency
medical services (EMS) personnel must rapidly
recognize signs of airway compromise, provide initial
support, and transport the patient to an appropriate
facility. By improving early recognition and triage,
EMS teams contribute significantly to increasing the
proportion of patients who survive to reach the
emergency department [7]. In the hospital, a team-
based approach involving emergency medicine
physicians, trauma surgeons, anesthesiologists, ENT
specialists, thoracic surgeons, radiologists, and critical
care staff is essential. Emergency clinicians and
trauma teams coordinate initial resuscitation, rapidly
assess airway stability, and activate consultants. ENT
and thoracic surgeons provide definitive airway
evaluation via endoscopy and determine the need for
conservative versus surgical management.
Radiologists play a crucial role in interpreting CT
scans and angiographic studies that define the full
extent of tracheal and associated injuries. Nursing staff
and respiratory therapists ensure continuous
monitoring, administer therapies, and participate in
ventilator management and pulmonary hygiene. Many
patients with tracheal trauma require intensive care,
where pulmonologists and critical care specialists
oversee complex ventilatory strategies, hemodynamic
support, and infection prevention. Infectious disease
teams may guide antibiotic selection in cases
complicated by mediastinitis, pneumonia, or sepsis.
Rehabilitation specialists and speech and swallowing
therapists are integral in the later phases of care,
helping patients regain pulmonary function, safe
swallowing, and adequate phonation. Long-term
follow-up in multidisciplinary clinics allows ongoing
assessment of airway patency, lung function, and
quality of life.

Effective interprofessional collaboration is a
key determinant of success. Studies of team
performance in trauma settings indicate that 70% to
80% of medical errors are related to communication
failures, many occurring in high-stress situations such
as airway emergencies [27]. A scoping review of
interprofessional collaboration in trauma scenarios has
shown that successful teams are characterized by fluid,
adaptive interactions, collaborative leadership, and
structured post-event analysis. These teams evolve
from collections of individuals performing
independent tasks to tightly integrated units with
interdependent  actions, where each member
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understands their role and the roles of others [27].
Leaders in such teams facilitate communication across
disciplines rather than directing care in isolation,
fostering a culture in which all voices—nursing,
respiratory therapy, surgical, and medical—contribute
to decision-making. For tracheal trauma specifically,
this kind of cohesive teamwork translates into faster
recognition of airway compromise, safer airway
management strategies, timely surgical intervention,
and more vigilant monitoring for complications.
Institutions that invest in multidisciplinary simulation
training, standardized protocols, and debriefing after
complex tracheal trauma cases are better positioned to
identify system weaknesses and improve care
pathways. Ultimately, an interprofessional team
approach centered on clear communication, shared
mental models, and a common goal of optimizing
patient outcomes is fundamental to improving survival
and long-term function in patients with tracheal
injuries [7][27].

Conclusion:

In conclusion, tracheal trauma represents a
critical emergency where outcomes are directly
determined by the speed and coordination of the
clinical response. A high index of suspicion is
paramount, as the initial presentation can be subtle or
masked by associated injuries. The immediate and
non-negotiable priority is the secure establishment of
a definitive airway, with techniques such as awake
fiberoptic intubation being preferred to prevent the
conversion of a partial tear into a complete transection.
The evaluation and management of this condition are
inherently multidisciplinary, requiring seamless
integration of emergency services, anesthesiology,
radiology, thoracic or otolaryngologic surgery,
nursing, and critical care. The management pathway
must be individualized based on the injury's severity,
location, and mechanism, guided by established
classification systems. While  conservative
management is viable for select minor injuries,
surgical intervention remains the cornerstone for
moderate to severe cases, with principles focusing on
debridement and tension-free primary repair. Despite
optimal acute care, patients remain at significant risk
for both early and late complications, most notably
tracheal stenosis, which underscores the necessity for
structured, long-term follow-up including pulmonary
function tests and surveillance endoscopy. Ultimately,
enhancing interprofessional communication, adhering
to clinical protocols, and investing in team training are
fundamental to improving survival and functional
recovery for patients suffering from this complex and
dangerous injury.
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