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INTRODUCTION

Injuries to the head and neck rank as some of the
most common injuries suffered in the current combat
environment. These injuries often lead to extensive
bony and soft tissue disruption, which places the cra-
nial nerves at increased risk for damage. Functional
deficits of any of these nerves can be devastating to
both appearance and function. Due to the complex
nature of combat-related wounds, it is not uncommon
to have patients with multiple cranial nerve injuries.
Therefore, early identification, careful assessment,
and timely management in the acute setting are criti-

cal to maximizing the outcomes for these patients.
The otolaryngologist clearly has a vital role in the
management of nearly all cranial nerve injuries.
However, in the combat environment, this specialty
generally focuses on deficits arising from cranial
nerves VII and VIII as well as the lower cranial nerves,
IX through XII. A detailed discussion of auditory
and vestibular injuries involving the eighth nerve is
provided in Chapter 35, Cranial Nerve Injuries. This
chapter will focus primarily on cranial nerves V, VII,
and IX through XII.

CRANIAL NERVE V

Patients with extensive lacerations, combat wounds,
and skull base injuries are at high risk for damage to
any of the branches of the trigeminal nerve. For ex-
ample, the infraorbital nerve is frequently damaged in
any maxillary or orbital injury, with a risk of temporary
or permanent hypesthesia. Hypesthesia in this region
may be regarded as an annoyance only, but extensive
hypesthesia from other branches of the fifth cranial
nerve may interfere with a wide variety of functional
activities related to eating and communication, particu-
larly periorally. Numbness in the ophthalmic distribu-
tion of cranial nerve V may place the eye at risk due to
decreased sensation of the cornea. In addition to loss of

sensation, injury to these branches may also result in
prolonged neuralgias with chronic pain or hypersensi-
tivity in these areas. It is important to be aware of the
distribution of the nerve branches and their relation-
ship to the area of injury. Some practitioners advocate
primary repair under binocular microscopy in these
settings, particularly for readily identifiable peripheral
terminal branches, most often at the time of repair of
other injuries.' However, fifth nerve repair in the acute
setting should not delay evacuation or treatment of
other, more pressing injuries. This repair may be more
appropriate in the setting of delayed microvascular
reconstruction of extensive traumatic defects.

CRANIAL NERVE VII

According to the Joint Theater Trauma Registry,
cranial nerve VII was the most commonly injured
cranial nerve associated with craniomaxillofacial in-
juries suffered during operations in Afghanistan and
Iraq.> Damage to the facial nerve may be the most
devastating of the cranial nerve injuries due its central
role in facial appearance, eye protection, eating, and
communication, including speech and displays of
emotion. A variety of mechanisms in combat can result
in facial nerve paresis or paralysis, including blunt
trauma from vehicle accidents, falls, and assaults, as
well as penetrating injuries from gunshot wounds and
blast injuries. Both blunt and penetrating trauma can
result in massive soft tissue and bony injury that may
compromise the facial nerve.

Evaluation
Evaluation of patients with known or suspected
facial nerve injury should begin with the ABCs (airway,

breathing, circulation) to identify life-threatening inju-
ries. Once any of these injuries have been addressed, a
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thorough history and physical examination should be
performed, with particular focus on the onset and de-
gree of facial nerve injury. In many patients, the ability
to obtain a history or complete a physical examination
is severely limited by associated life-threatening inju-
ries or a reduced level of consciousness. The appropri-
ate measures necessary to manage traumatic injuries
and control the airway may limit evaluation. In these
instances, there are several methods by which facial
nerve function may still be assessed in the acute set-
ting. For example, the first responders may be able to
report the degree of facial motion upon presentation,
but this assessment may be unreliable if the patient
was unconscious or the team focused on other injuries
or airway concerns. Any residual facial motion, such
as a grimace to painful stimuli if the patient is not
completely sedated or obtunded, may be useful. The
surgeon may also consider lightening the patient’s
sedation if possible in order to facilitate assessment
of facial motion. At times, the acute assessment of the
facial nerve is not possible. Because of these factors
and overshadowing injuries, facial paralysis may not



be noted until after a few days. These cases should be
categorized as “unestablished in onset” and treated
similarly to the immediate-onset cases.?

Once an accurate assessment can be performed,
facial function is frequently recorded using the House-
Brackmann scale.* This method is designed to grade
injuries within or proximal to the intratemporal facial
nerve. This scale is not designed for cases where the
injury is distal to the pes anserinus and involves only
certain branches. In these cases clinical evaluation
should determine whether there is paresis or paralysis
for each affected distal nerve branch.

The timing and severity of facial nerve dysfunc-
tion dictates the management, so it is critical to get an
accurate assessment of facial function as soon after
the injury as possible. The vast majority of patients
with any residual motion at presentation are likely to
recover good facial nerve function in the affected dis-
tribution without any intervention. However, patients
with complete paralysis of immediate onset have a
uniformly poor prognosis and should be considered
for surgical exploration and management.

Imaging

Patients with traumatic facial nerve injuries should
also be evaluated with computed tomography (CT)
of the temporal and facial bones, which was available
at most Role 3 facilities in theater. Imaging will likely
help to determine the location and extent of injury as
well as the best approach to repair and exploration.
The location of shrapnel and bullet fragments can be
widely divergent from the entry wound and can direct
the surgeon to the site of injury. In some cases, obvious
transection of the nerve may be identified.” CT angiog-
raphy is also a valuable imaging tool in the presence of
intratemporal injury to rule out any associated major
vascular injury at the skull base.

Electrodiagnostic Testing

Electrophysiologic testing is unnecessary for pa-
tients with immediate onset of facial paralysis when
imaging studies demonstrate clear evidence of facial
nerve transection, because these patients typically
should be explored.” Patients with immediate onset of
paralysis, for whom imaging does not demonstrate a
clear disruption, can be further evaluated with elec-
trophysiologic testing. Some patients with paresis
develop deterioration of facial function and progress
to paralysis. Although most of these patients will have
a good outcome, formal testing can help identify the
small subset of patients who may benefit from facial
nerve surgery.

Cranial Nerve Injuries

The primary tests include electroneurography
(ENoG) and electromyography (EMG), but these
techniques are rarely available in a field environ-
ment. However, if patients are rapidly transferred to
areferral facility with the capability, electrodiagnostic
testing is recommended. ENoG showing greater than
95% degeneration when compared to the opposite
side within 6 days has been shown to result in a uni-
formly poor prognosis, so facial nerve exploration
is recommended in this situation. Patients with 95%
degeneration between days 6 and 15 tend to have less
severe nerve trauma but still have a poor prognosis.
Therefore, these patients are also recommended for
surgical intervention.® Intraoperative nerve stimulators
are often readily available at Role 3 facilities in theater
and can be utilized for stimulation of terminal nerve
branches of a transected facial nerve up to 72 hours
following injury.

Unlike ENoG, EMG can provide prognostic in-
formation after loss of nerve excitability and may be
considered in the subacute period after transport to a
higher role of care. After 10 to 14 days, if fibrillation
potentials are detected confirming the presence of
degenerating motor units, the vast majority of patients
will have incomplete recovery. In contrast, if polypha-
sic reinnervation potentials are identified within 4 to 6
weeks after injury, a good recovery can be expected.”

Eye Care

Eye care is of the utmost importance with facial
nerve dysfunction when incomplete eye closure is
present. Ocular lubricants, including artificial tears and
ophthalmic ointment, are implemented at a minimum.
Taping, especially before bedtime, is recommended to
keep the eye closed and the cornea protected. Tempo-
rary tarsorrhaphy may also be considered for eye clo-
sure, particularly if the patient is planned for transport.
In addition, an ophthalmologist should be consulted
for evaluation. Other more definitive protective eyelid
procedures such as gold weight placement, permanent
tarsorrhaphy, and lid shortening procedures are not
recommended in the acute deployed setting but are
appropriate for delayed management in patients with
prolonged paralysis.

Nerve Exploration

The surgeon must have a high index of suspicion
for distal facial nerve injury in any facial trauma,
particularly when soft tissue lacerations are present.
The approach to nerve exploration should be tailored
to the individual patient and dictated by the location
and nature of the wound and mechanism of injury.

215



Otolaryngology/Head and Neck Combat Casualty Care

The nerve should be thoroughly explored for nearly
every case of paralysis. An exception exists, however,
when the injury is medial to the lateral canthus and
individual branches are involved. Further explora-
tion and primary repair is not recommended in this
instance because the patient usually recovers at least
some function as axonal regeneration occurs.® Some
associated synkinesis may occur after recovery, but it
is generally of limited morbidity and can be addressed
many months later with a variety of methods, includ-
ing selective injection of botulinum toxin.’

Nerve exploration should be performed within 72
hours, if possible. After this time, due to Wallerian de-
generation, there is no residual excitability of the nerve
and peripheral stimulation cannot be used to assist in
identifying the nerve. However, the ability to perform
distal nerve stimulation may disappear before the 72-
hour timeframe. Consequently, it is best to perform the
exploration expeditiously. Disposable nerve stimula-
tors are often available in theater and can be ordered
from most facilities. The nerve stimulator is set at 0.5
to 1.0 mA, and each distal branch is stimulated as it is
identified. Each terminal end should be prepared for
immediate grafting or, if this is not feasible, they should
be marked using dyed permanent 6-0 or 7-0 nylon or
polypropylene suture or, alternatively, metallic clips.

Avariety of well-known landmarks can be used to as-
sistin nerve identification during exploration, including
the tragal pointer and tympanomastoid suture line for
the facial nerve trunk, the buccal branch coursing near
the Stensen duct, and the marginal mandibular branch
in the submandibular gland fascia. Cervical branch
injury is of very limited morbidity and exploration and
repair is not recommended. Further exploration may
involve identification of the nerve as it exits the stylo-
mastoid foramen through a parotidectomy approach,
following its peripheral branches. The nerve should
also be observed as it exits the stylomastoid foramen
for any evidence of hematoma or edema, which may
indicate the need for decompression in this region.
With extratemporal blast injuries, however, despite
the presence of edema and contusion of the nerve
trunk, there is evidence that when the nerve is other-
wise intact, conservative management without further
surgery may be the best option." These cases must be
considered for management on an individual basis.

Nerve Repair

The facial nerve should be repaired in the acute set-
ting if there is evidence of transection. However, delays
may be needed in cases such as wound contamination,
severe injuries requiring extensive reconstruction,
requirement for immediate transfer, or inability to
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tolerate surgery. If any concerns exist about performing
immediate repair, the transected facial nerve branches,
both proximally and distally, should be tagged during
wound exploration at their terminal ends as previously
mentioned to facilitate identification at the time of
definitive repair. As discussed below, some patients
will need interposition grafting, but if no donor site
is readily available, there may also be a need for de-
lay. When possible, however, primary anastomosis
should be performed using 8-0 or 9-0 permanent
monofilament suture under magnified vision with
surgical loupes or low power binocular microscopic
vision. Multiple, evenly-spaced epineural sutures are
adequate for coaptation.

If the proximal site of nerve transection is found at
the main trunk near the pes anserinus, the short length
of the proximal stump may make suturing for primary
anastomosis very difficult. In other instances, the nerve
may be transected at the stylomastoid foramen. In
addition, fusion of the nerve sheath in the region just
distal to the mastoid portion with the periosteum of the
stylomastoid foramen and temporal bone makes this
portion difficult to suture. In these cases, a mastoid-
ectomy should be performed and consideration given
to the use of an interposition graft due to the relative
difficulty of mobilizing the intratemporal facial nerve.’
Although the surgeon initially treating the patient in
the acute phase should identify and mark the distal
ends of the branches for later identification and graft-
ing, it is recommended that the patient be transferred
to a surgeon with expertise in dissection and repair of
intratemporal facial nerve injuries due to the technically
demanding nature of neurorrhaphy in this location.

Interposition Grafting

Tension-free repair is a critical element of success-
ful nerve anastomosis. When this cannot be achieved
using primary anastomosis, interposition cable grafts
should be used." There are several candidates for
donor grafts, with the best choice based on individual
circumstances. The great auricular nerve is an excel-
lent option for defects of less than 10 cm and is readily
identified in the operative field. Its size and fascicular
pattern are similar to the facial nerve, and it has a distal
branching pattern favorable for facial nerve grafting.
Both sides of the neck should be prepared in the opera-
tive field in case the contralateral nerve is also needed.
Alternatively, the cervical plexus, located deep to the
sternocleidomastoid muscle, may be harvested with
minimal morbidity when the great auricular nerve is
unavailable. If a longer section is needed, particularly
for reconstruction of multiple branches, the sural nerve
should be utilized. The sural nerve provides up to



70 cm of length when all branches are dissected. The
medial antebrachial cutaneous nerve may be used as
an alternative." When several branches are injured and
require anastomosis, priority is given to the zygomatic
and buccal branches due to their role in eye protection
and facial expression, respectively.

Intratemporal Injuries

Intratemporal injuries may be categorized as pen-
etrating or nonpenetrating injuries. Nonpenetrating
injuries are related most often to blunt trauma and
commonly result from assaults or motor vehicle acci-
dents. Penetrating injuries in the combat environment
are most often due to gunshot wounds or shrapnel and
are more disruptive to the integrity of the nerve than
blunt trauma. These injuries are also more often ac-
companied by other severe injuries, such as dural tears
with cerebrospinal fluid leak, labyrinthine damage,
and major vascular injury. Neurosurgical consultation
is important for management of these patients. Evalu-
ation includes high-resolution CT, carotid arteriogra-
phy, and facial nerve electrical testing if available, as
previously noted.

The mastoid segment of the facial nerve is the most
commonly involved segment in temporal bone trauma
involving gunshot and blast injuries.” Exploration of
the nerve in this setting is best performed utilizing a
canal wall down mastoidectomy approach. As much of
the nerve as possible should be explored by a surgeon
experienced in surgical decompression of the entire
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facial nerve. Primary anastomosis is possible, particu-
larly if the mastoid segment is involved. Tissue glues
may be used to reapproximate the nerve intratem-
porally. However, the nerve is often transected with
severe bony disruption and frequently there is loss of
a segment of nerve as a result of the blast or second-
ary to thermal injury. In these cases, an interposition
graft utilizing the great auricular or sural nerve may
be necessary.

Facial Nerve Decompression

Surgical exploration of the facial nerve after tempo-
ral bone trauma requires the surgeon to be prepared
for mastoid, translabyrinthine, and middle fossa ex-
ploration along with neural repair. While the ability to
perform facial nerve decompression in theater is often
beyond the scope of the general otolaryngologist, it is
important to identify those patients who would ben-
efit from this procedure to ensure timely referral and
transport to a surgeon with this level of experience.
Surgical decompression should be performed within
14 days of the injury, if possible, because this timeframe
is associated with remarkably better recovery rates
(>90%)."” However, surgery may be delayed due to
a variety of other concerns such as patient instability
or other, more life-threatening injuries. Although the
rate of recovery is not as high, if the decompression
surgery is performed before 2 months after injury, it is
generally associated with much better outcomes than
when performed later.”

LOWER CRANIAL NERVES, IX THROUGH XII

The lower cranial nerves (IX, X, XI, and XII) are
located in the posterior cranial fossa and exit the skull
base through the jugular foramen and hypoglossal
canal. Injury to these nerves in combat generally oc-
curs by one of two mechanisms: penetrating neck
injury (which may result in lacerations, avulsions,
or completely severed nerves) or closed head injury
with associated traumatic brain injury. The proximity
of these nerves at the skull base frequently results in
compound injuries, and many of these patients have
complicated brain or carotid injuries resulting in high
early mortality rates in patients with traumatic brain
injury. One series quotes mortality rates with injury to
the lower cranial nerves as high as 73.3%."

Clinical manifestations of patients with lower
cranial nerve injuries include dysphagia and velo-
pharyngeal insufficiency (cranial nerves IX and X),
shoulder weakness and pain (cranial nerve XI), and
dysarthria and tongue deviation to the affected side
in acute injuries (cranial nerve XII). As noted in the
above section on evaluation of the facial nerve, these
patients are often unconscious at the time of admission
and are difficult to examine due to severe concomitant
brain injury. Therefore, imaging is often necessary to
diagnose these injuries, and 3-dimensional reconstruc-
tion can be useful for detecting fracture lines through
the skull base and free bone fragments in proximity
to the nerves."

CRANIAL NERVE IX

The glossopharyngeal nerve supplies sensation to
the tonsils, pharynx, and middle ear, and both sensa-
tion and taste to the posterior one-third of the tongue.

Visceral sensory fibers are also received from the ca-
rotid body and sinus to sense the partial pressure of
oxygen in the blood and pressure changes in arterial
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blood, respectively. Parasympathetic fibers are trans-
mitted from cranial nerve IX via the otic ganglion to
the parotid gland. The only motor function of cranial
nerve IX is to supply motor fibers to the stylopharyn-
geus muscle.

Isolated injury to this nerve is rare and may result in
paroxysmal sharp pains in the throat, neck, or ear trig-
gered by swallowing. Compression or entrapment of
the ninth cranial nerve can result in symptoms similar

to Eagle syndrome. While transection of this nerve is
rarely documented in trauma, iatrogenic transection
during resection of parapharyngeal space tumors
generally results in minimal morbidity when only the
glossopharyngeal nerve is affected.” There is no known
role for primary neural repair if transection of the glosso-
pharyngeal nerve is identified at the time of exploration,
and attempts to isolate the nerve may result in injury to
nearby lower cranial nerves at the skull base.

CRANIAL NERVE X

The paired vagus nerves descend from the brain
through the jugular foramina and pass within the
carotid sheath posterior and lateral to the common
carotid artery. The right vagus nerve gives rise to the
right recurrent laryngeal nerve (RLN), which passes
around the right subclavian artery to run within the
tracheoesophageal groove. It then descends into the
chest posterior to the superior vena cava and right
mainstem bronchus to provide innervation to the
heart, lung, and esophagus. The left vagus nerve
varies slightly as it gives rise to the left RLN, which
passes around the aortic arch and ascends in the left
tracheoesophageal groove.

The vagus nerve supplies parasympathetic fibers to
all organs from the neck down to the second segment of
the transverse colon, with the exception of the adrenal
glands. The vagus nerve also supplies motor control to
the intrinsic laryngeal muscles, pharyngeal constrictor
muscles, cricothyroid, levator veli palatini, salpingo-
pharyngeus, palatoglossus, and palatopharyngeus. It
also provides 80% to 90% of the sensory innervation
regarding the state of the viscera to the brain.”

Injury to the vagus nerve severely impacts laryngo-
pharyngeal function. Injury at or above the skull base
results in symptoms attributable to an RLN injury
including hoarseness, stridor, and impaired cough,
but also causes severe dysphagia and aspiration due
to pharyngeal and palatal weakness and hypesthesia."

Nonsurgical treatment measures include the use
of a nasogastric tube for those at risk of aspiration.
Alternatively, a gastrostomy should be considered in
expected cases of prolonged dysfunction. Compensa-
tory maneuvers are often helpful, and early consulta-
tion with a speech-language pathologist to provide
swallow rehabilitation is important.'*'®

Early surgical management of cranial nerve X
injuries depends on the mechanism and location of
the injury. In acute unilateral paralysis of the RLN,
patients generally do not require adjunctive airway
measures. However, patients with bilateral recurrent
laryngeal nerve injury may present with stridor, requir-
ing an emergent surgical airway with tracheotomy.
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Tracheotomy may also be required in patients with
penetrating neck injuries who have other aerodiges-
tive tract injuries."”

If the patient has a stable airway and is able to tolerate
oral intake, early surgical intervention is not required.
Spontaneous recovery of RLN function is possible after
several months, and definitive surgery for vocal cord
paralysis is usually delayed at least 6 to 12 months, un-
less the nerve is determined to be transected.'

More recent literature on patients with iatrogenic
RLN injuries indicates that immediate exploration may
result in improved voice outcomes in cases of neural
transection of the RLN. In Rohde’s series' of nine
patients who underwent reconstruction with primary
end-to-end anastomosis, free nerve graft, or vagus-RLN
anastomosis, five patients rated their voice as normal or
with only mild dysfunction. Seven of the nine patients
had restoration of the vocal fold to the median physi-
ologic phonating position with recovery of tension,
mucosal wave, and glottic closure during phonation."

A systematic review published in 2010 analyzed 14
studies describing laryngeal reinnervation procedures
and outcomes. The most common technique was ansa
cervicalis-to-RLN, although other techniques includ-
ing primary anastomosis, ansa-to-thyroarytenoid, and
hypoglossal-to-RLN were also reported. The greatest
improvements in glottic gap were seen with ansa-to-RLN,
and all studies demonstrated improvements in perceptual
analysis and electromyography findings, regardless of
technique. The study concluded that reinnervation is effec-
tive in the management of unilateral vocal fold paralysis.”

In a series of 29 patients with bilateral RLN palsies
after thyroid and parathyroid surgeries, primary
end-to-end anastomosis was performed in seven
completely transected RLNs and four transected an-
terior RLN branches. Although none of the completely
reconstructed nerves regained function, good muscle
tone was observed.”

Restoring adductor motor function in the setting of
unilateral vocal fold paralysis with complete or near-
complete RLN transection can be achieved through
medialization techniques or laryngeal reinnervation.



Potential advantages to reinnervation include more
physiologic anatomy and mucosal wave function with-
out the need for synthetic materials, maintenance of
vocal fold bulk, and reversibility with the availability
of static methods if reinnervation fails.”” In the case
of bilateral vocal fold paralysis, reinnervation of one
or both posterior cricoarytenoid muscles may permit
decannulation in patients with tracheotomies without
requiring destructive procedures such as arytenoidec-
tomy or cordo’comy.23 However, these measures are
appropriate for delayed management and not recom-
mended in the immediate postinjury period.

Acute reconstruction of RLN or superior laryngeal
nerve injuries may be accomplished through end-to-
end reanastomosis or cable grafting. Primary neuror-
rhaphy and cable grafting are the only methods that
should be used acutely. While other methods such as
direct implantation of a nerve ending into a muscle,
the nerve-muscle pedicle technique, or muscle-nerve-
muscle transplantation are possible, they are unlikely
to be used acutely due to the complexity of the proce-
dures and the difficulty assessing patient prognosis in
the acute setting. Primary reinnervation is the simplest
method, but requires adequate length in the remaining
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stumps of the RLN. While cable grafting is possible,
axons are lost across each anastomotic site, making
this method less effective.”

In conclusion, there are no prospective randomized
studies available on RLN reconstruction, but there
appears to be indication for immediate exploration
and reconstruction of these nerves in some cases of
transection. Additionally, immediate exploration may
help determine the type of injury to the nerve, which
can predict the likelihood of functional recovery. This
knowledge can be used to guide future therapeutic
management, including early versus delayed defini-
tive management of vocal cord paralysis. However,
immediate exploration should not delay transfer to a
higher level of care from theater.

Injury due to skull base fractures is a separate entity
from injury due to penetrating neck injuries. Skull base
fractures may result in free bone fragments and hemor-
rhagic regions causing nerve compression. There is little
evidence about decompression of the nerve in these
types of injuries, but overall prognosis for this condition
is poor. Early nerve decompression may be effective in
the treatment of posttraumatic cranial nerve X injury
caused by compression related to skull base fractures.”"°

CRANIAL NERVE XI

The spinal accessory nerve provides motor innerva-
tion to the sternocleidomastoid and trapezius muscles.
Injury to this cranial nerve can result in pain, limited
range of motion, and weakness of the ipsilateral shoul-
der and neck. Although experience with damage to
cranial nerve XI is frequently iatrogenic, the nerve is
vulnerable to blunt or penetrating injuries to the neck or
fractures involving the jugular foramen. Physiotherapy
is generally considered as the standard treatment;
however, surgery has been discussed as an option. If
surgical intervention is recommended, it is generally
performed in a delayed fashion for symptomatic pa-
tients, with the best outcomes thought to occur when
surgery is performed within a few months of injury.>?
Neurolysis, primary repair, and nerve grafting have
been used to rehabilitate those with complete paralysis
of the spinal accessory nerve, with good results up to 1
year or more after initial injury.®** Although there is
little evidence to support the use of immediate repair at
the time of injury, authors who advocate early operative

intervention cite superior functional results compared
to conservative therapy®*** If wound exploration is
undertaken and the severed nerve is identified, it is
reasonable to attempt primary repair or tag the termi-
nal ends for ease in identification at a later date. If at-
tempted, repair of the nerve should be performed using
magnification, microinstrumentation, and microsutures
of 9-0 or 10-0 nylon or polypropylene. A tension-free
repair is critical to success, and interpositional grafting
should be used when tension-free primary anastomosis
is not possible.”

When repair is performed, the proximal and distal
free nerve endings should be cleanly cut with a scal-
pel or micro-scissor. A single-interrupted epineural
suture is loosely placed to reapproximate the ends.
Subsequent interrupted sutures are placed in a simi-
lar fashion, taking care to avoid tight approximation,
which can lead to misdirected fibers. Mobilization of
the cut ends less than 2 cm can prevent tension without
devascularizing the nerve.”

CRANIAL NERVE XII

The hypoglossal nerve arises from the medulla
oblongata and passes through the hypoglossal canal,
exiting the skull base medial to the jugular foramen.
It then passes behind the vagus nerve and between

the internal carotid artery and internal jugular vein.
The nerve then passes deep to the posterior belly of
the digastric muscle and then medially to innervate
the tongue.
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The hypoglossal nerve provides the motor supply
to all of the muscles of the tongue with the exception
of the palatoglossus, which is innervated by the vagus
nerve. Because of the tongue’s role in swallowing and
speech, injury to this nerve may result in dysarthria
and dysphagia. On physical examination, the tongue
will protrude toward the affected side and, later, the
patient may show ipsilateral tongue atrophy and fas-
ciculations.'®*

Isolated hypoglossal nerve injuries without severe
great vessel or other lower cranial nerve injuries are
rare.** Future rehabilitation with swallowing and
speech therapy may help patients with other unstable
injuries.”® Hypoglossal nerve injuries caused by pen-
etrating wounds reportedly respond relatively well to
surgical interventions.”

Avitia and Osborne® reported on the successful
early repair of an iatrogenic hypoglossal nerve injury.
After identification and mobilization of the terminal
ends of the nerve, a tension-free anastomosis was

performed under magnification with 8-0 polypropyl-
ene suture. The patient recovered oral competence,
improved speech, and maintained muscle mass of
the ipsilateral tongue. Messner’s case report of two
patients with bilateral traumatic hypoglossal nerve
injuries repaired using greater auricular nerve grafts
also reported preserved tongue muscle bulk and tone,
but the patients had only minimal restoration of vol-
untary motor function.” Another case of traumatic
bilateral hypoglossal nerve injury was reported with
later repair, at 6 and 8 months postinjury. The patient
had normal electromyographic studies at the 11-year
follow-up, but did not recover speech, mastication,
and swallowing despite prolonged physical therapy,
suggesting a role for early intervention.*

In summary, early repair of the transected hypoglos-
sal nerve in a hemodynamically stable patient may be
indicated for the restoration of tongue bulk and tone,
but the functional improvement of early hypoglossal
nerve repair is unknown.

SUMMARY

It is important to note that the presence of cranial
nerve injuries is frequently discovered many days
after the injury. In particular, facial nerve evalua-
tion and repair is often delayed because of other,
life-threatening injuries or because the patient is
obtunded and there is no adequate way to access
facial function at the time of presentation. Ideally, the
trauma team should perform a quick assessment of
the facial nerve during the neurologic survey at initial
presentation for any patient at risk. Surgery should
be performed as expeditiously as possible because
delays increase the likelihood of fibroma formation
and scarring.

High-dose systemic steroid therapy for traumatic
facial paralysis may be considered. However, there
is conflicting evidence as to its efficacy. Steroids im-
prove functional recovery when administered in the
immediate period following neurorrhaphy in animal
models.” In crush injuries in juvenile mice, there was
a trend toward increased functional recovery with the
administration of corticosteroids, although in adult
mice steroids were shown to inhibit recovery.® In
general, despite the lack of definitive evidence, admin-
istration of corticosteroids is often recommended for
cases of blunt trauma where no exploration has been
performed or there is evidence of significant edema
upon exploration.

It is also important to remember that any function
of the facial and other cranial nerves will not begin to
be recovered until approximately 6 to 12 months after
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repair, with more proximal injuries taking longer to
recover.” If there has been no sign of recovery by 12
months, there is very little chance of any further im-
provement of function.

Injuries to the lower cranial nerves are often associ-
ated with other severe and potentially life-threatening
injuries. Most of the time these nerves are not dam-
aged in isolation, and multiple cranial nerves may be
involved, along with injuries to the major vessels of
the neck, skull base, and airway. It is difficult in these
often unstable patients to accomplish primary repair
of these nerves in the acute setting. In the case of recur-
rent laryngeal nerve injury, outcomes are difficult to
predict, and delayed management either with phono-
surgery or reinnervation procedures is very reasonable.
Symptomatic treatment and airway protection should
be addressed in the acute setting. Early nutritional
support via nasogastric tube or gastrostomy should
also be considered.

Although the acute management of these injuries is
important, the treatment and rehabilitation of cranial
nerve injuries is a continuous process that may take
many months to years. Not uncommonly, difficul-
ties associated with these injuries may last a lifetime.
Therefore, it is imperative to have close follow up and
detailed communication with the next role of care.
Patients should be referred to a team of surgeons and
ancillary providers such as speech pathologists and
physical therapists with experience in the long-term
management of cranial nerve injuries.
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CASE PRESENTATIONS

Case Study 18-1
Presentation

A middle-aged Iraqi male presented to the emer-
gency room with penetrating facial trauma from a
rocket-propelled grenade. The patient was alert and
oriented and his initial vital signs were stable. He had
asmall, 2-cm laceration anterior to the left angle of the
mandible (Figure 18-1). He had complete paralysis
in his lower facial nerve branches, but his temporal
branch was intact. Examination of the ears revealed
no abnormalities or signs of trauma.

Preoperative Workup/Radiology

Plain films of the face revealed a radiopaque for-
eign body within the soft tissues overlying the left
mandibular ramus. No other testing was performed.

Operative Plan/Timing of Surgery

The patient was taken to the operating room within
24 hours for exploration and possible facial nerve
repair.

Operation

The patient was intubated without complication.
During exploration, the existing laceration was con-
nected to a small infraauricular incision. The wound
was explored superficially and a large (2.5-cm) piece of
fragment was easily identified and removed (Figures

Figure 18-1. Laceration near the left angle of mandible result-
ing from a fragment injury.

18-2 and 18-3). The main branch of the facial nerve
was then identified and dissected free from the parotid
tissue. All branches were identified, and a contusion
with edema of the lower division was noted. Since the
nerve was intact, no primary repair was performed.
The wound was irrigated, suctioned free, and closed in
layers after nonviable tissue was debrided. Intravenous
corticosteroids were administered perioperatively.

Figure 18-2. Fragment discovered in the wound during
exploration.

Figure 18-3. The fragment from Figure 18-3 removed.
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Complications
None.
Lessons Learned

Although the patient had no movement in the
branches of his lower division, the nerve was intact and
not transected, which suggests a good prognosis for at
least some recovery of facial function. Nerve explora-
tion of any patient with immediate onset paralysis is
recommended because it assists in determining prog-
nosis and allows for definitive treatment in the acute
setting. Unfortunately, because the patient was an Iraqi
national, he was lost to follow-up shortly after surgery.
No long-term evaluation of his facial nerve function
could be performed.

Case Study 18-2
Presentation

A middle-aged male member of the Afghan Nation-
al Police was transferred for management of a tracheal
injury and left mastoid injury following a gunshot
wound to the left side of the head and chest. Prior to
transfer, he was noted by the first responders to have
a facial paralysis (House-Brackmann grade VI) on the
left side (Figure 18-4) associated with a postauricular
gunshot entry wound.

Figure 18-4. Patient with complete (House-Brackmann grade
VI) left facial nerve paralysis.
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Preoperative Workup/Radiology

The patient’s tracheal injury was first addressed by
the cardiothoracic surgeon and required a thoracotomy
and tracheotomy. After stabilization and when he
was no longer sedated, a full facial evaluation was
performed, which confirmed a total left-sided facial
paralysis. Fine-cut CT imaging of the temporal bones
revealed a projectile trajectory from the left mastoid
through the Eustachian tube and into the nasopharynx.
Although the pathway appeared radiographically to
be immediately adjacent to the facial nerve, there ap-
peared to be no transection. Audiologic testing was not
available, but the Weber test lateralized to the contra-
lateral ear, and a severe sensorineural hearing loss was
suspected. Since radiographic imaging demonstrated
no otic capsule involvement, the hearing loss was
thought to be secondary to a concussive effect. He was
empirically treated with dexamethasone 8 mg three
times a day for 3 days with a subsequent rapid taper.

Operative Plan/Timing of Surgery
Evaluation and management of the patient’s fa-

cial paralysis was deferred until after his potentially
life-threatening thoracic injuries were addressed. As

Figure 18-5. Axial computed tomography scan showing
bullet entry wound and trajectory (black arrow) through the
left mastoid and metallic fragments within the nasal cavity
(white arrows).



Figure 18-6. Intraoperative view of left mastoid entry wound
(enlarged with drill).

previously described, the facial nerve appeared ana-
tomically intact on imaging, and bony and soft tissue
density fragments were noted within the mastoid and
middle ear space (Figure 18-5). Presuming the soft tis-
sue densities within the mastoid contained epithelial
components, and due to concern that the patient would
not have access to follow-up care, the decision was
made to perform a canal wall down mastoidectomy
with debridement of epithelial and bony fragments. In
addition, much of the injury appeared to be intratem-
poral. Therefore, it was decided to perform a selective
decompression of the tympanic and mastoid segments
of the facial nerve.

Operation

The mastoid surgery was performed approximately
10 days after the tracheal repair. The patient’s entry
wound was incorporated into a postauricular inci-
sion (Figure 18-6). A canal wall down mastoidectomy
and debridement of nonviable tissue surrounding the
bullet’s trajectory were performed. The facial nerve
was subsequently decompressed at the tympanic and
mastoid segments; the labyrinthine, geniculate, and
meatal segments were not decompressed. The decision
to perform a limited decompression of the tympanic
and mastoid segments was based on several factors:
the location of the injury, the magnification limitations
of the available operating microscope, a desire to avoid
intracranial exposure, and an attempt to provide the
most benefit with the least morbidity. The facial nerve

Cranial Nerve Injuries

Figure 18-7. Postoperative imaging with obliterated mastoid
cavity.

was found to be intact in the decompressed segments.
The mastoid cavity was then obliterated with fat, and
the Eustachian tube was occluded with wax, Surgicel
(Ethicon Inc, West Somerville, NJ), and temporalis
fascia. The external auditory canal was then oversewn.
Apostoperative CT was performed (Figure 18-7) dem-
onstrating successful mastoid obliteration.

Complications
None.
Lessons Learned

Because the patient was an Afghan national, he
was not eligible for evacuation to a higher role of
care for definitive treatment. Surgical management
in theater was performed because he would have no
options for definitive treatment once released. The
decision to operate was made predominantly on a
desire to decrease the risk of late wound complica-
tions and cholesteatoma formation and not primarily
because of the facial paralysis. The patient was lost
to follow-up shortly after surgery and no long-term
evaluation of his facial nerve function could be per-
formed. Despite a complete and sudden paralysis,
the nerve was fully intact along the decompressed
portions based on imaging and intraoperative find-
ings. Without long-term follow up it is impossible
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to comment on this particular patient’s eventual  findings can give the counseling provider prognostic
outcome. However, since the nerve was found to be  information regarding future facial nerve function
anatomically intact, his prognosis was expected tobe  that can be communicated to a patient with limited
better than if the nerve were transected. Exploratory ~ or no follow-up.
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