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Preface

The surgical care of trauma to the face, head, and neck that is an
integral part of the modern practice of otolaryngology-head and neck
surgery has its origins in the early formation of the specialty over 100
years ago. Initially a combined specialty of eye, ear, nose, and throat
(EENT), these early practitioners began to understand the inter-rela-
tions between neurological, osseous, and vascular pathology due to
traumatic injuries. It also was very helpful to be able to treat eye as well
as facial and neck trauma at that time.

Over the past century technological advances have revolutionized the
diagnosis and treatment of trauma to the face, head, and neck—angio-
graphy, operating microscope, sophisticated bone drills, endoscopy,
safer anesthesia, engineered instrumentation, and reconstructive
materials, to name a few. As a resident physician in this specialty, you
are aided in the care of trauma patients by these advances, for which we
owe a great deal to our colleagues who have preceded us. Additionally,
it has only been in the last 30-40 years that the separation of ophthal-
mology and otolaryngology has become complete, although there
remains a strong tradition of clinical collegiality.

As with other surgical disciplines, significant advances in facial, head,
and neck trauma care have occurred as a result of military conflict,
where large numbers of combat-wounded patients require ingenuity,
inspiration, and clinical experimentation to devise better ways to repair
and reconstruct severe wounds. In good part, many of these same
advances can be applied to the treatment of other, more civilian
pathologies, including the conduct of head and neck oncologic surgery,
facial plastic and reconstructive surgery, and otologic surgery. We are
indebted to a great many otolaryngologists, such as Dr. John Conley's
skills from World War II, who brought such surgical advances from
previous wars back to our discipline to better care for patients in the
civilian population. Many of the authors of this manual have served in
Irag and/or Afghanistan in a combat surgeon role, and their experiences
are being passed on to you.

So why develop a manual for resident physicians on the urgent and
emergent care of traumatic injuries to the face, head, and neck? Usually
the first responders to an academic medical center emergency depart-
ment for evaluation of trauma patients with face, head, and neck injuries
will be the otolaryngology-head and neck surgery residents. Because
there is often a need for urgent evaluation and treatment—bleeding and
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airway obstruction—there is often little time for the resident to peruse
a reference or comprehensive textbook on such trauma. Thus, a simple,
concise, and easily accessible source of diagnostic and therapeutic
guidelines for the examining/treating resident was felt to be an impor-
tant tool, both educationally and clinically.

This reference guide for residents was developed by a task force of

the American Academy of Otolaryngology—Head and Neck Surgery
(AAO-HNS) Committee on Trauma. AAO-HNS recently established this
standing committee to support the continued tradition of otolaryngol-
ogy-head and neck surgery in the care of trauma patients. An electronic,
Portable Document Format (PDF), suitable for downloading to a smart
phone, was chosen for this manual to facilitate its practical use by the
resident physician in the emergency department and preoperative area.

It should be used as a quick-reference tool in the evaluation of a trauma
patient and in the planning of the surgical repair and/or reconstruction.
This manual supplements, but does not replace, more comprehensive
bodies of literature in the field. Use this manual well and often in the
care of your patients.

G. Richard Holt, MD, MSE, MPH, MABE  Joseph A. Brennan, MD, Colonel, MC, USAF
Editor and Chair Chair
Task Force on Resident Trauma Manual AAO-HNS Committee on Trauma
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I
Chapter 8: Laryngeal Trauma

Joseph C. Sniezek, MD, Colonel, MC, USA
Richard W. Thomas, MD, DDS, Major General, MC, USA

Traumatic injuries of the larynx are diverse, uncommon, and potentially
life threatening. While each laryngeal injury is unique, an organized and
appropriate management algorithm for the various types of laryngeal
trauma results in increased patient survival as well as improved long-
term functional outcomes. The management of laryngeal trauma can be
complex, as the signs and symptoms are often variable and unpredict-
able, with severe injuries sometimes presenting with mild and innocu-
ous symptoms. The immediate goal in managing laryngeal trauma is to
obtain and maintain a stable airway for the patient. Once the airway is
safely secured, the laryngeal injury is repaired in order to optimize the
patient’s long-term functional outcomes terms of breathing, speech,
and swallowing.

Laryngeal trauma is often divided into two main groups—blunt trauma
and penetrating trauma. Blunt laryngeal trauma most commonly results
from motor vehicle accidents, personal assaults, or sports injuries.
Knife, gunshot, and blast injuries account for most cases of penetrating
laryngeal trauma. Both blunt and penetrating laryngeal injuries may
present along a spectrum of severity ranging from mild to fatal.
Laryngeal trauma may also affect children, though pediatric injuries to
the larynx are much less common than adult injuries, since the pediatric
larynx sits much higher in the neck than the adult larynx and is, there-
fore, better protected by the mandible.

I. Physical Examination

The immediate goal of the examination of a patient with suspected
laryngeal trauma is to ascertain the severity of injury, rapidly identifying
patients who require immediate airway intervention. This can be a
challenge, since relatively minimal signs or symptoms may mask a
severe injury that has not yet reached a critical level of obstruction.

A. SYMPTOMS OF LARYNGEAL TRAUMA (SUBJECTIVE)

® Pain or tenderness over the larynx.
® \oice change or hoarseness.

® Odynophagia.

® Dysphagia.
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CHAPTER 8: Laryngeal Trauma

B. SIGNS OF LARYNGEAL TRAUMA (OBJECTIVE)

® Dyspnea.

e Stridor—The type of stridor may indicate the location of injury:

* Inspiratory stridor implies a supraglottic obstruction that may be
caused by edema or a hematoma.

* Expiratory stridor generally results from a subglottic source, such
as a tracheal injury.

* Biphasic stridor (inspiratory and expiratory) implies an injury at the
level of the glottis.

Hemoptysis.

Ecchymosis of overlying cervical skin.

Subcutaneous emphysema.

Loss of normal thyroid prominence.

Deviation of larynx.

® Loss of laryngeal crepitus—A “click” is generally palpated when the
larynx is palpated and moved laterally. The loss of this “click” may
occur due to laryngeal fixation or an injured larynx.

Il. Diagnosis, Imaging Studies, and Laboratory
Assessment

A. AIRWAY EVALUATION

Once the airway is deemed to be stable, further evaluation of the
laryngeal injury is possible. Flexible fiberoptic laryngoscopy is a critical
step in evaluating the status of the airway after laryngeal trauma. It can
and should be performed promptly, safely, and carefully during the
initial evaluation. During this period of evaluation, it is critical to closely
observe the patient's airway for any signs of compromise or impending
airway instability. If the airway worsens, a tracheotomy should be
performed immediately.

B. TRAUMA EVALUATION
A complete trauma assessment must be performed due to the possibil-
ity of concurrent injuries associated with laryngeal trauma.

C. RADIOLOGIC EVALUATION

e Cervical spine injuries must be ruled out in all cases of laryngeal
trauma.

e Chest x-ray is often helpful to rule out a pneumothorax, tracheal
deviation, or pneumoediastinum (suggesting an airway injury).

e A computed tomography (CT) scan is indicated and helpful in all but
the most minor laryngeal injuries. CT scans diagnose laryngeal
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fractures and aid in operative planning for the repair and reconstruc-
tion of the fractured larynx.

I1l. Surgical Decision-Making Principles

While each laryngeal injury is unique and must be treated as such,
division of laryngeal injuries into an organized classification scheme
helps to guide treatment planning and patient management. Laryngeal
injuries are generally divided into five categories, based on the Shaefer
Classification System'’s severity of injury (Table 8.1).

Table 8.1. Classification Scheme for Categorizing the Severity of Laryngeal
Injuries

Groups Severity of Injury in Ascending Order

Group 1 Minor endolaryngeal hematomas or lacerations without detectable
fractures.
Group 2 More severe edema, hematoma, minor mucosal disruption without

exposed cartilage, or nondisplaced fractures.

Group 3 Massive edema, large mucosal lacerations, exposed cartilage,
displaced fractures, or vocal cord immobility.

Group 4 Same as group 3, but more severe, with disruption of anterior larynx,
unstable fractures, two or more fractures lines, or severe mucosal
injuries.

Group 5 Complete laryngotracheal separation.

Source: Schaefer Classification System.

A. GROUP 1

1. Evaluation

After a complete trauma evaluation, flexible fiberoptic laryngoscopy is
performed to carefully evaluate the airway.

2. Management

These mild injuries are generally managed medically and do not require
surgical intervention. The following adjunctive medical treatments may
be helpful:

® Steroids.

® Antibiotics.

® Anti-reflux medications.

® Humidification.

® \oice rest.
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CHAPTER 8: Laryngeal Trauma

B. GROUP 2

1. Evaluation

Direct laryngoscopy and esophagoscopy should be performed, as
injuries may be more severe than expected after flexible fiberoptic
laryngoscopy.

2. Management

Patients with Group 2 injuries should be serially examined, since the
injuries may worsen or progress with time. Occasionally, these injuries
may require a tracheotomy. Medical adjuncts may also be helpful
(steroids, anti-reflux medications, humidification, voice rest,
antibiotics).

C.GROUP3

1. Evaluation

Direct laryngoscopy or esophagoscopy should be performed in the
operating room.

2. Management
e Tracheotomy is often required.
® Exploration and surgical repair of the injury are generally required.
The following injuries will require surgical repair:
* Disruption of anterior commissure.
* Major endolaryngeal lacerations.
* Tear involving vocal cord.
* Immobile vocal cord.
* Cartilage exposure.
* Displaced cartilage fractures.
* Arytenoid subluxation or dislocation.

D. GROUP 4
1. Evaluation
Direct laryngoscopy and esophagoscopy must be performed.

2. Management

® Tracheotomy is always required.

e Surgical repair of these injuries will require stent placement to
maintain integrity of the larynx.

E. GROUP 5

1. Evaluation

Disruption of the airway occurs at the level of the cricoid cartilage,
either at the cricothyroid membrane or cricotracheal junction. These
patients will present with severe respiratory distress, necessitating
urgent airway evaluation and management.
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2. Management

Tracheotomy is necessary to secure the airway, but can be very difficult
due to the altered anatomy. Complex laryngotracheal repair must be
performed through a low cervical incision (see below) after the airway
is secured.

IV. Informed Consent

When possible, surgical consent should always be obtained prior to the
performance of surgical procedures. In the case of laryngeal trauma,
informed surgical consent of the patient is critical, as multiple proce-
dures over an extended period of time are sometimes required to repair
and rehabilitate patients who suffer these injuries. Likewise, the effects
of laryngeal trauma can have long-term impacts on quality of life,
affecting the functions of speech, swallowing, and breathing. When
informed consent from the patient is not possible due to the emergent
nature of the injury, every effort should be made to obtain informed
consent from a reliable family member or guardian.

V. Perioperative Care

The goal of perioperative management in laryngeal trauma is to prevent
progression of the injury and promote rapid healing.

A. AIRWAY OBSERVATION

Hospitalization with airway observation for 24 hours is recommended
for mild injuries that are at risk for progression or airway compromise
(edema, hematoma). More severe injuries will require longer periods of
hospitalization and rehabilitation.

B. ADJUNCTIVE MEASURES

The following adjunctive measures may be helpful during the treatment

of patients who suffer laryngeal trauma:

® Head-of-bed elevation—May help to resolve laryngeal edema.

® \oice rest—Minimizes worsening of laryngeal edema.

e Cool humidified air—Prevents crust formation in the presence of
mucosal damage and limits transient ciliary paralysis.

e Systemic corticosteroids—Supporting data are minimal, but steroids
may help to reduce edema in the early hours after injury.

® Anti-reflux medication—Limits potential for laryngeal inflammation.
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CHAPTER 8: Laryngeal Trauma

C. SPEECH THERAPY

Speech therapy may be helpful for all patients who suffer laryngeal
trauma. Speech pathology consultation should be obtained as early as
possible after the initial laryngeal injury.

VI. Operative Management by Location

A. INHALATION INJURY

Inhalation injury is the most frequent cause of death in burn patients.
Airway manifestations of inhalation injury may be extremely severe, as
the upper airway absorbs the bulk of the thermal injury suffered during
inspiration. Since inhalation injuries may occur without skin burns or
other external injuries, a high index of suspicion must be maintained. A
history and careful description of possible inhalation injuries should be
elicited from either the patient or a witness to the event.

The full extent of airway compromise after inhalation injury may not be
evident until 12 to 24 hours after the injury, so symptomatic patients
should be admitted and observed. The upper aerodigestive tract should
be evaluated serially with flexible laryngoscopy to follow the evolution
of the injury. If acute upper airway obstruction is impending or immi-
nent, the most experienced clinician in airway management should
intubate the patient and secure the airway. Once an inhalation injury is
diagnosed, a multidisciplinary team consisting of otolaryngologists,
pulmonologists, and respiratory therapists should be utilized to maxi-
mize pulmonary and respiratory care.

B. ENDOLARYNGEAL TEARS

Tracheotomy placement will generally be necessary to adequately
access and repair significant mucosal tears. During surgical repair, the
endolarynx is generally best approached through a midline thyrotomy,
along with a transverse incision through the cricothyroid membrane. If a
concomitant median or paramedian vertical thyroid fracture happens to
be present, it may also be used to gain access to the endolarynx. If the
fracture is located more than 3 mm from the anterior commissure,
however, a midline thyrotomy should still be performed.

All major endolaryngeal lacerations should be repaired with 5-0 or 6-0
absorbable suture. Even minor lacerations that involve the true vocal
cord margin or anterior commissure should be closed. If the anterior
attachment of the true vocal cord is severed, it should be resuspended
by suturing the anterior end of the cord to the external perichondrium.
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All exposed cartilage should be covered either primarily or with local
mucosal advancement flaps. Displaced or subluxed arytenoid cartilages
should also be carefully repositioned.

C.ENDOLARYNGEAL EDEMA

Patients with significant laryngeal edema, particularly if it appears to be
progressing, should undergo awake tracheotomy to prevent airway loss.
After tracheotomy, the patient with significant laryngeal edema should
be evaluated with direct laryngoscopy and esophagoscopy to uncover
subtle injuries that may be masked by the edema and missed in initial
flexible fiberoptic laryngoscopy. Adjunctive measures, such as head-of-
bed elevation, corticosteroids, anti-reflux medications, and humidifica-
tion should be strongly considered.

D. ENDOLARYNGEAL HEMATOMAS

Patients with endolaryngeal hematomas should be admitted to the
hospital for close airway observation, as even small hematomas may
progress. Small, nonprogressing hematomas with intact mucosal
coverage are likely to resolve spontaneously without significant
sequelae. Adjunctive therapies, such as steroids, anti-reflux medication,
humidification, and head-of-bed elevation are helpful. Large or expand-
ing hematomas may lead to airway obstruction and necessitate
placement of a tracheotomy.

E. RECURRENT LARYNGEAL NERVE INJURY

Recurrent laryngeal nerve injury may occur after blunt or penetrating

laryngeal injury. Recurrent laryngeal nerve injury after blunt laryngeal

trauma may be due to either stretching of the nerve or nerve compres-
sion near the cricoarytenoid joint.

e |f avocal cord is persistently immobile after blunt trauma, the vocal
fold should be observed for as long as one year to await the possible
spontaneous regeneration of recurrent laryngeal nerve function.

e |f arecurrent laryngeal nerve is severed, primary repair should be
attempted. While vocal fold mobility will not be regained after even a
successful repair due to the mixture of abductor and adductor fibers
in the nerve, neural regeneration may prevent muscle atrophy,
resulting in improved vocal cord tone and vocal strength in the long
term.

e |f primary re-anastamosis of the severed nerve is not possible, the
ansa hypoglossi may be redirected and sutured to the distal stump of
the recurrent laryngeal nerve to improve vocal cord muscle tone.
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CHAPTER 8: Laryngeal Trauma

F. LARYNGEAL FRACTURES

Nondisplaced laryngeal fractures may be observed, although very
subtle, long-term voice changes may be noticed if they are not repaired.
Displaced thyroid and cricoid cartilage fractures should be reduced and
fixed to stabilize the laryngeal framework (Figure 8.1). If the displaced
cartilage fracture occurs in conjunction with an endolaryngeal, soft
tissue injury, the cartilage reduction and fixation should be performed
prior to endolaryngeal soft tissue repair. This ensures that a proper
scaffold is obtained before redraping the laryngeal mucosa. If no soft
tissue injury accompanies the cartilage fracture, the cartilage may be
fixed externally without entering the larynx.

Miniplate fixation of cartilage fractures is superior to wire or suture
fixation. Thyroid fractures fixed with wire or suture tend to heal by
fibrous—not cartilaginous—union, and often fail to maintain proper
anatomic reduction. In particular, wire fixation poorly maintains the
proper anatomic position of the thyroid laminae after fixation, allowing
midline fractures to heal in an inappropriately flattened position.

When placing a miniplate into the soft cartilage of younger patients, it
is often helpful to drill a smaller-than-usual screw hole that results in
better purchase for fixation of the screw. Emergency screws may also
be helpful in preventing stripped screws (Figure 8.2).

Figure 8.1 Figure 8.2
CT scan of displaced thyroid cartilage CT scan of laryngeal fracture after repair with
fracture. miniplate.
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G. CRICOTRACHEAL (LARYNGOTRACHEAL) SEPARATION
Cricotracheal (laryngotracheal) separation, also known as a Group 5
injury, is the least common but most life-threatening laryngeal injury.
Most often, it occurs from “clothesline injuries” (i.e., when the neck
contacts a taut line, such as a clothesline or wire support), and results
in the separation of the larynx from the trachea at either the cricothy-
roid membrane or the cricotracheal junction.

Most patients with laryngotracheal separation present with significant
respiratory distress and require a tracheotomy. Performance of the
tracheotomy can be extremely difficult, however, because of the altered
anatomy that results from this injury. After laryngotracheal separation,
the larynx usually pulls upward and the trachea retracts into a position
behind the sternum, necessitating a low tracheotomy incision. After
successful tracheotomy, further radiologic testing, including chest x-ray
and CT scans, may be performed. Pneumothorax commonly accompa-
nies a laryngotracheal separation and must be promptly identified and
treated.

Following appropriate trauma evaluation and radiologic studies, the
patient should return to the operating room for direct laryngoscopy,
esophagoscopy, and tracheal repair. The severed ends of the laryngotra-
cheal complex should be freshened and then closed with nonabsorb-
able sutures with the knots placed extraluminally. Suprahyoid or
infrahyoid release maneuvers may be required in order to allow for a
tension-free anastamosis.

Most patients with laryngotracheal separation will also have bilateral
vocal cord paralysis due to stretching or tearing of the recurrent
laryngeal nerves. If the severed ends of the nerves can be located, they
should be repaired primarily.

H. EMERGENCY AIRWAY MANAGEMENT

Obtaining and maintaining a stable airway is the first and most impor-
tant goal in managing laryngeal trauma. When evaluating the stability
of the airway, it is important to remember that initially mild signs and
symptoms may accompany a very severe laryngeal injury. Further,
laryngeal injuries may evolve, progress, and worsen in a relatively short
period of time. Therefore, carefully performed flexible fiberoptic
laryngoscopy is a critical tool in the initial evaluation of the injured
airway.
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CHAPTER 8: Laryngeal Trauma

If the airway is determined to be unstable, awake tracheotomy in an
operating room should be performed. Intubation should ideally be
avoided, as the endotracheal tube may further traumatize the endolar-
ynx, destabilize laryngeal fractures, or lead to an acute airway
compromise.

I. SELECTION OF AIRWAY STENTS AND TRACHEOTOMY TUBES

1. Airway Stents

Stents are often utilized in laryngeal injuries where the anterior com-
missure is significantly disrupted. In these cases, the stent functions to
maintain the proper configuration of the commissure and to prevent
anterior glottic webs. They are also occasionally used when massive,
endolaryngeal mucosal injuries occur. In these cases, the stent helps to
prevent mucosal adhesions and subsequent laryngeal stenosis.

If complete mucosal integrity is reestablished and the laryngeal frac-
tures are properly reduced, stents are best avoided due to their poten-
tial complications—infection, pressure necrosis, and granulation tissue
formation. While the best type of stent is very controversial, solid
silastic stents are generally preferred. In austere settings, stents may be
fashioned from portions of endotracheal tubes or a finger cut from a
surgical glove and filled with a soft material, such as Gelfoam®. Stents
are usually left in place for 2 weeks and removed in the operating room
via an endoscopic procedure.

2. Tracheotomy Tubes

Cuffed, nonfenestrated tracheotomy tubes are preferred, as they
minimize airflow over the injured larynx. 6-0 tracheotomy tubes are
usually adequate for both male and female patients.

VII. Summary

Laryngeal trauma may result from either a blunt or a penetrating injury.
The immediate priority in the treatment of laryngeal injuries is to
establish and maintain a stable airway. Airway evaluation should
include flexible fiberoptic laryngoscopy and a thorough examination of
the head and neck. Further, patients with laryngeal injuries should be
evaluated serially, as laryngeal hematomas or edema may progress or
worsen with time, ultimately leading to airway compromise or obstruc-
tion. Finally, very mild initial signs and symptoms may occasionally
mask a very severe laryngeal injury.
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Mild laryngeal trauma may be managed with patient observation and
adjunctive measures, such as humidified air, voice rest, steroids, and
head-of-bed elevation. If the airway becomes precarious or the patient
is at risk of airway compromise, an awake tracheotomy should be
performed in the operating room.

In general, displaced laryngeal cartilage fractures should be repaired
with miniplates to establish a stable laryngeal framework. Mucosal
lacerations should be primary repaired with 5-0 or 6-0 absorbable
sutures. Stents may be placed if the anterior commissure is significantly
injured or if there are multiple, severe endolaryngeal lacerations. These
stents are usually removed at 2 weeks post-placement via an endo-
scopic procedure in the operating room. Finally, speech therapy plays a
vital role in the recovery and rehabilitation of patients who suffer
laryngeal trauma.
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assist you and your practice through quality professional development
opportunities.
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