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Trauma to the cranial nerves
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Abstract: Cranial nerve injury is often an overlooked aspect of neurotrauma, which is diagnosed
later in the course of recovery. Most of these injuries do not require active intervention in the
acute stage. Cranial nerve injuries are important cause of morbidity, which requires long-term
management, repeated surgical procedures or reconstructive measures. Management of optic
nerve injury remains controversial, and injury to lower cranial nerves may influence the ultimate
outcome due to paralysis of aerodigestive passage. Cranial nerve injury in the setting of head
injury should be diagnosed early, so that appropriate treatment can be planned early.
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Cranial nerve injury is an important component of
neurotrauma, which may not be readily apparent in the
emergency room where the patient is brought in after
having sustained head injury. The incidence of cranial
nerve injury in craniocerebral trauma varies between 5
and 23 percent'. Initial evaluation by history and clinical
and neurological evaluation effectively assesses the
sensorium, cortical function and haemodynamic status.
Added to this, a rapid evaluation of ocular movements,
pupils, facial symmetry and laryngeal function establishes
the functional integrity of the cranial nerves. Complete
evaluation of individual cranial nerves, a time-consuming
and elaborate exercise even in a conscious patient, may
not be feasible in a comatose patient or in one with
altered sensorium. Subjective information cannot be
obtained in an unconscious patient, and history from
witnesses, other medical personnel and police can supply
valuable information.

Cranial nerves, along with major arteries and bridging
veins, act as anchors to the brain in a sea of cerebrospinal
fluid. Injury to the cranial nerves can occur by shearing
forces, rapid acceleration/deceleration, injury to the skull
base, penetrating craniocerebral injuries, especially those
through the skull base and as a sequel to various surgical
procedures. Table 1 gives rapid clinical assessment of
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head injured patient for cranial nerve injury.

Table 1

Nasal bleed/CSF rhinorrhoea

Finger counting each eye separately

Pupillary light reflex for afferent pupillary defect

Ptosis, proptosis

Complaint of diplopia: Assessment of ocular movements
Corneal reflex

Poor eye closure, facial weakness and asymmetry

Ear bleed/CSF otorrhoea

Hearing impairment: Haemotympanum, rupture of tympanic
membrane

Hoarsenss of voice, inability to cough: indirect laryngoscopy
for vocal cord movements

Difficulty in swallowing

Difficulty in articulating words

OLFACTORY NERVE

Head injury is the commonest cause of loss of olfaction,
due to disruption of the olfactory fibers prior to their
decussation*?, and olfactory nerve is the commonest
cranial nerve damaged in head injury®. Diagnosis of
posttraumatic anosmia may not be of importance in
immediate management. However, it may assume
medicolegal importance, especially if the patient vocation
involves culinary arts and aromatic compounds.

Mechanism of injury

Olfaction is impaired due to injury to the olfactory nerve
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filaments at the cribriform plate, or due to injury to the
olfactory bulb or the olfactory tracts (Figs 1-3). The
olfactory nerve filaments can get torn by fractures involving
the cribriform plate of the ethmoid (Fig 4). Frontal or
occipital blows can shear off the olfactory filaments by
shearing or stretching of these nerve fibers. A frontal
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Fig 2: CT showing depressed bifrontal fracture with underlying
contusion of brain

Fig 3: CT reconstruction of fracture of anterior skull base and
nasoethmoid complex

impact produces less impact than side or occipital impact?.
With or without fracture of the cribriform plate, these
direct and contrecoup injuries produce severe acceleration/
deceleration forces that avulse the olfactory nerve roots.
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Fig 4: Diagrammatic representation of injury to olfactory filaments

Fractures in the region can lacerate the filaments. Olfaction
can also be impaired by oedema, haematoma or ischaemia.
Closed head injury can produce impairment of olfactory
recognition despite preserved olfactory detection, in injury
to orbitofrontal and temporal lobes’. Olfactory nerves and
tracts can also get iatrogenically injured in various surgical
procedures involving the anterior skull base. Anosmia can
occur after surgery on anterior communicating artery
aneurysm, following radiotherapy to the anterior skull base
and after anterior interhemispheric approach.
Craniocerebral missile injuries involving the anterior skull
base can cause olfactory nerve damage.

Diagnosis: Olfactory nerve damage is suspected in the
presence of nasal bleed, periorbital ecchymosis, proptosis
and CSF rhinorrhoea in the setting of craniocerebral
injury. CSF rhinorrhoea occurs due to fracture in the
cribriform plate or frontal sinus with dural tear, and is a
risk factor for development of post-traumatic meningitis.
Even a conscious patient may be unaware of anosmia or
hyposmia. More often the patients complains of altered
taste sensation. Parosmia (a distorted sense of smell)
sometimes accompanies hyposmia, and may be
permanent®.

Course: In traumatic brain injury with olfactory nerve
dysfunction, nearly 40% recover their olfaction. Most
of these patients recover within three months, and may
continue upto two years’. Early recovery implies the
compressive effects of local haematoma, contusion, etc.,
while delayed recovery occurs from regeneration and
migration of neurons from olfactory mucosa to the
olfactory bulb. Severe disruption of lamina cribrosa and
fibrosis can prevent such reconnection, making anosmia
permanent®.

OPTIC NERVE AND CHIASM

The optic nerve is about 4.5 to 5.0 cm in length, of
which the intraorbital segment is the longest, and the
intraocular segment is the shortest. The intracanalicular
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portion (contained within the bony optic canal of the
sphenoid) measures about 5 to 7 mm and is relatively
immobile owing to the fusion of the dural sheath of the
nerve to the periosteum. The intracranial segment
measures about 9 to 10 mm and joins with the opposite
optic nerve to form the optic chiasm. Blindness following
head injury was observed nearly two millennia ago, when
Hippocrates first noted, “...dimness of vision occurs in
injuries of the brow and those placed slightly above™.
Optic nerve injury was first demonstrated in an autopsy
by Berlin in 1879'%; the autopsy demonstrated optic canal
fracture and optic sheath hemorrhage. Hughes in 1962
described various types of optic nerve injury and
hypothesized the pathogenesis of the nerve damage by
microvascular thrombosis and ischaemia'.

Incidence: Optic nerve injury is described as a rare
injury,'? with only few series reported in literature!'*">.
A large series from India'® reported an incidence of

2.78%.

Mechanism: The mechanism of injury is obvious in cases
of direct injury involving the orbit and globe. However,
in patients with closed head injury, the mechanism and
pathogenesis remain unclear. Anderson et al in
experimental studies on dried human skulls inferred that
increased loads on the brow region led to stresses being
concentrated in the region of optic foramen'. Adding
to this observation, Gross et al suggested that acute
downward displacement of the orbital wall occurs after a
blow to the brow region; with release of the load, the
soft tissues exhibit oscillation for a longer period as
compared to the bony optic canal'™. Such oscillations
cause stretch on the optic nerve, leading to injury to
intraneural microvasculature as well as to the nerve fibers,
and ultimately, intracanalicular compression of the nerve.
Severe frontal impact can also cause fracture in the region
of sella and clinoids, resulting in chiasmal injury. The
chiasmal injury can result from compressive, contusive,
mechanical or ischaemic damage®.

Classification: Based on their autopsy study, Walsh and
Lindenberg® classified optic nerve injury into primary
and secondary injury.

A. Primary :
(@) Optic nerve concussion
(b) Contusion or laceration
(¢) Haematoma : Intraneural or optic nerve sheath

(d) Optic nerve avulsion: Partial or complete

B. Secondary:
(a) Edema
(b) Ischaemia
(c) Microvascular thrombosis

(d) Infarction of the nerve

Diagnosis: Loss of vision is complained of by conscious
patients with optic nerve injury. A history of loss of
consciousness is elicited in nearly 90% cases.'* Associated
epistaxis (Maurer’s triad: head injury, epistaxis due to
traumatic pseudoaneurysm of internal carotid artery,
uniocular blindness) should alert the clinician to the
possibility of accompanying optic nerve injury?**%
Diagnosis is difficult in patients with severe head injury
with altered sensorium. Marcus-Gunn pupil (afferent
pupillary defect) is seen in isolated optic nerve injury:
bright light shone on the normal side elicits a consensual
reflex on the affected side, while light shone on the injured
side elicits pupillary dilatation. Mydriasis indicates
associated oculomotor nerve injury, and a diagnosis can
be established by visual evoked potential (VEP)
recording. Fundus examination is unremarkable in
posterior injury during the initial examination soon after
injury. Optic atrophy sets about 4-6 weeks. In the rare
instance of optic nerve avulsion at the globe, funduscopy
reveals a hole in the retina at the site of optic disc.
Delayed visual deterioration indicates secondary factors
like ischaemia, oedema, compression, etc, usually of the
intracanalicular segment. Field defects can be
demonstrated in opticochiasmal injury. Monocular field
defects (altitudinal, temporal) have been described®.
High resolution computed tomography shows fracture
of the optic canal is present, while MRI shows the
integrity of the nerve with intrinsic changes in signal
intensity. VEP play an important role in management
and prognostication in optic nerve injury®.

Management: No other cranial nerve injury has been
dogged by unresolved controversy in management
(operative versus conservative) as the optic nerve, and
this injury has a direct bearing on the quality of life in a
conscious patient. Mahapatra and Bhatia were first to
carry out protocol based prospective study and established
the role of visual evoked potentials in the management®.
They performed studies following different protocols,
and showed spontaneous visual recovery in 51-57% cases
on conservative management. The regime followed is:

1. All patients are given megadoses of dexamethasone
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(initial dose of 0.75 mg/kg, followed by 0.33 mg/kg
every six hours for next 24 hours) *. Steroids are
beneficial by reducing cellular edema, membrane
stabilizing action and by reducing circulatory spasm.
Recovery rates are varied in different studies, ranging
from 30 to 100% following conservative regime'**.

2. No patient is operated within three weeks. VEP is
recorded every week.

3. In cases of visual recovery or in cases with no
perception of light, no surgery is carried out.

4. In patients with partial recovery which becomes
static, optic nerve decompression can be carried
out.

5. In cases identifiable bony fragments and
haematomas are present, optic nerve decompression
is carried out at the earliest opportunity?®.

Chiasmal injury: Chiasmal injury is rare, seen in 0.3%
of all cases with head injury®. It is often associated with
severe acceleration-deceleration strain, hence, it is likely
that the low incidence of chiasmal injury is related to
overall survival from severe head injury. Severe frontal
impact can cause fracture in the region of sella and
clinoids. There may be multiple facial fractures, causing
separation of the optic foramina and splitting of the
chiasm?. Skull base fracture can extend to the sella and
clinoids, and cause direct injury to the chiasm.
Interruption to blood supply of chiasm can occur leading
to visual interruption and hypothalamic dysfunction®.

The injury is diagnosed once the level of consciousness
improves and visual deficits are noticed. Bitemporal field
defects are noted, and in case of associated optic nerve
injury, there will be visual loss in that eye. Funduscopy
reveals pallor of the optic disc on the nasal side. Other
cranial nerves may also be involved. Management is
restricted to relief of compressive lesion — bony fragment
or a haematoma.

OCULOMOTOR NERVE

Head trauma accounts for 8-16% of all oculomotor
palsies®’, and oculomotor palsy is seen in 2.9% of all
head injuries, including those patients with multiple
16, Of all the cranial nerves,
oculomotor palsy in a patient with head injury imparts a
sense of urgency in imaging and management owing to

the possibility of an expanding intracranial haematoma

cranial nerve involvement

in such a patient.
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Anatomical features: The oculomotor nerve arises from
its nucleus in the midbrain. Each of these nuclei has
subnuclei that innervate individual ocular muscles. The
fibers destined for superior rectus arise from the opposite
nucleus and decussate in the midline. Rest of the muscles
are innervated by their nuclei that are on the same side.
The oculomotor fascicles pass through the red nucleus
and emerge from the midbrain through the cerebral
peduncle, in the interpeduncular fossa. In the
subarachnoid space, the oculomotor nerve passes
between the superior cerebellar and posterior cerebral
arteries, coursing forward near the medial aspect of uncus
of the temporal lobe. It enters the lateral wall of cavernous
sinus along with trochlear and ophthalmic nerves. At
the superior orbital fissure, the nerve divides into a
superior and an inferior divisions. In the orbit, the
superior division innervates the superior rectus and
levator palpabrae superioris, while the inferior division
innervates the inferior and medial recti and the inferior
oblique. In addition, the inferior division carries the
presynaptic parasympathetic outflow to the ciliary
ganglion (sphincter pupillae and ciliary muscles).

Mechanism of injury: Midbrain haematoma in the tectal
region can present with oculomotor palsy (Fig 5).
Oculomotor palsy often results from compression of the
nerve at the tentorial hiatus by uncus in trantentorial
herniation (Fig 6). Avulsion or stretching of the nerve at
mesencephalo-pontine junction can also result in isolated
oculomotor palsy®'. More often, oculomotor palsy occurs
together with that of other ocular motor nerves contained
in the cavernous sinus in case of skull base fracture.
Injury at superior orbital fissure, orbit or maxillofacial
injury can result in injury to superior or inferior divisions
of the nerve.

Diagnosis: In the setting of head injury, unilateral
mydriasis (Hutchison’s pupil) assumes ominous
importance as a pointer to ipsilateral supratentorial

Fig 5: Dorsal midbrain haematoma in a patient with oculomotor
palsy
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Fig 6: Coronal MRI showing transtentorial herniation

expanding haematoma. Invariably, this is accompanied
by concurrent alteration in sensorium. Mydriasis may
be accompanied by ptosis and extraocular muscle
weakness. An avulsion or stretch injury is suggested by
the rapid recovery of consciousness in an otherwise
complete motor palsy’’. The injury may be relatively
mild*. In a patient with proptosis, time should be allowed
for the swelling to regress before ocular movements can
be assessed. Detection of ocular pulsations and bruit
over the eyeball makes the diagnosis of a
caroticocavernous fistula obvious. The nerve can be
injured in its course in the brainstem also by shearing
injury. A lesion at the red nucleus will give rise to
contralateral rest tremor with ipsilateral oculomotor palsy
(Benedikt syndrome). A lesion at the cerebral peduncle
will result in ipsilateral oculomotor palsy with contralateral
hemiparesis (Weber syndrome). A nuclear lesion will
manifest as bilateral ptosis, contralateral superior rectus
palsy and ipsilateral weakness of remaining ocular muscles
supplied by the oculomotor nerve.

Course: Ocular motility should be assessed after
improvement in the level of consciousness, and resolution
of periorbital swelling. Palsy due to a compressive lesion
is likely to resolve on removal of the lesion, while injury
to the fascicles is likely to give rise to aberrant
regeneration, where axons terminate in inappropriate
structures. Such a regeneration can result in elevation of
ptotic lid on adduction, and a pupil that is poorly reactive
to light but constricts with adduction®. Management of
unresolved oculomotor palsy is difficult, and extraocular
muscle surgery can achieve binocular vision in primary
position and also in reading position.

TROCHLEAR NERVE

The incidence of trochlear nerve injury is 2.14% in head
injuries'®, and the injury is often accompanied by injury
to other ocular motor nerves.

Anatomical features: Trochlear nerve is a thin, slender
nerve and is the longest of all ocular motor nerves. After

its origin in the midbrain, it decussates in the anterior
medullary velum, and is the only cranial nerve to exit
dorsally. In its subarachnoid course, it sweeps laterally
around the midbrain in the cisterna ambiens, or in the
free edge of the tentorium. It penetrates the dura below
the posterior clinoid process to enter the lateral wall of
the cavernous sinus. It enters the orbit through the
superior orbital fissure and ends by supplying the superior
oblique muscle.

Mechanism: Trochlear nerve may be injured in isolation
in its subarachnoid course. A sudden deceleration impact
or blow to the head may cause the brain to move back,
and the brainstem to impact against the tentorium,
resulting in trochlear nerve injury (Fig 7). The injury
can occur in dorsal midbrain, or in the free edge of the
tentorium. Bilateral trochlear nerve injury is always due
353, and has been reported after child abuse
involving violent shaking®.

to trauma

Diagnosis: Diagnosis of trochlear nerve injury is made
generally in a conscious and cooperative patient. The
patient complains of diplopia with a perceived slant in
the environment, which is compensated by adopting the
characteristic head tilt (Bielchowsky). These patients will
have difficulty in descending the stairs and in reading
newspaper or a book. The head will be tilted away from
the affected eye (Fig 7). Examination reveals hypertropia
(higher affected eye) that worsens on lateral gaze. Bilateral
trochlear palsy is diagnosed by the presence of alternating
hyperdeviation (upward deviation of one eye) in various
positions of upward gaze (Fig 8). In a concomitant
oculomotor palsy, trochlear palsy can be suspected from
absence of intorsion.

Management: Spontaneous recovery occurs in 65%
patients with unilateral trochlear palsy®®. Use of eye patch
or prisms pasted onto spectacles can be useful for
achieving binocular single vision. In case of incomplete
recovery after 12 months, corrective ocular muscle
surgery can be carried out.

in the brainstem
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Fig 8. Patient with bilateral trochlear palsy and left facial palsy. CT
shows blood in the basal cisterns.

ABDUCENS NERVE

Head injury accounts for nearly 3 —15% of abducens
palsies®. In a recent series from India the incidence has
been found to be 3.02%, majority of whom had multiple
cranial nerve injury'®, making it the most frequently
injured ocular motor nerve.

Course: Abducens nerve emerges from the horizontal
sulcus between the pons and medulla, lateral to
corticospinal bundles. It courses in the prepontine cistern
close to the anterior inferior cerebellar artery, and enters
the Dorello’s canal beneath the petroclinoid ligament. In
the cavernous sinus, it lies between the intracavernous
segment of internal carotid artery medially, and
ophthalmic division of the trigeminal nerve laterally. It
enters the orbit through the superior orbital fissure to
innervate the lateral rectus muscle.

Mechanism: The long intradural course, its passage over
the petrous ridge with its relative fixity under the
petroclinoid ligament and to the cavernous sinus makes
it vulnerable to stretch or tear”. Hyperextension trauma
to cervical spine can also cause abducens nerve palsy,
accompanied with lower cranial palsies®.

Diagnosis: A conscious patient complains of diplopia
on distant fixation, and examination of ocular movements
reveals convergence of visual axes, and lateral rectus
palsy. In an unconscious patient, the eyeball can be seen
adducted, with no abduction on oculocephalic response.

Management: Lateral rectus palsy may recover completely
or incompletely. Diplopia may be corrected by prisms,
or by botulinum therapy for antagonist medial rectus to
achieve binocular vision. Ocular muscle surgery is
offered in cases of persistence of lateral rectus palsy after
6 —-12 months.
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TRIGEMINAL NERVE AND GANGLION

Branches of trigeminal nerve are often injured during
severe maxillofacial and skull base injury, as these nerves
exit the various foramina from the skull.

Mechanism: The supraorbital and infraorbital nerves are
injured in trauma to the forehead, orbit and maxilla.
The inferior dental branch and the mandibular division
can be injured in fractures of the mandible. Skull base
injury with injury to the cavernous sinus region can result
in ocular motor dysfunction with sensory impairment
over ophthalmic division. Closed or penetrating injuries
can cause injury to the ganglion*. Skull fractures
involving he middle fossa can extend into the foramen
ovale and foramen rotundum and damage the exiting
nerves. O’Connell suggested that the trigeminal nerve is
especially vulnerable where the sensory root angulates as
it passes through the dural foramen proximal to the
Meckel’s cave®.

Diagnosis: Sensation along the cutaneous distribution
of the involved nerve is affected. Sometimes, troublesome
hyperpathia can occur in the distribution of the nerve.
Corneal anesthesia should be looked for, since the eye
requires to be protected against exposure keratitis and
corneal ulceration in such cases.

Management: The treatment of injuries to the peripheral
branches is expectant. Hyperalgesia can be treated with
carbamazepine or gabapentin. Alternatively, in intractable
cases, the involved root can be sectioned or
radiofrequency ablation of the ganglion can be done, to
relieve pain.

PETROUS FRACTURES

Although injury to the facial and vestibulocochlear nerves
is common after head injury and there is voluminous
literature on the topic, there is no unanimity on their
management. Temporal bone fracture is a frequent
accompaniment to their injury, and it would be pertinent
to briefly review this fracture here.

Temporal bone fracture: Temporal bone fractures have
been diagnosed more often in the post-CT era, since
these are difficult to visualize on skull radiographs. The
compactness, presence of cavities and canals, and the
oblique orientation of the petrous predisposes to its
fracture. Petrous fractures have been described in
orientation to the long axis of the petrous pyramid.
Accordingly, these have been classified as follows®:
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i. Transverse or vertical

ii. Longitudinal or horizontal

iii. Oblique

Transverse fractures: These fractures account for nearly
30% of all petrous fractures*. These result from occipital
blows and occur at right angles to the petrous pyramid.
Medial fractures occur near the internal acoustic meatus,
and lateral fractures occur close to the bony labyrinth
(Fig 9). Seventh and eighth nerve injury occurs in nearly

50% of the cases, and haemotympanum is often observed
on otoscopy.

Fig 9: CT showing transverse fracture of the petrous

Longitudinal fractures: These are more common as
compared to transverse fractures, accounting for about
70% of all cases of petrous fractures. Fracture line runs
parallel to the longitudinal axis of the petrous, sparing
the nerves (Fig 10). There is however, disruption of
ossicular chain with conductive deafness. The fracture
line can extend into the clivus and opposite temporal
pyramid. Laceration of tympanic membrane can result
in cerebrospinal fluid otorrhoea.

Fig 10: CT showing longitudinal fracture of the petrous

Oblique fractures: Oblique fractures are rare and occur
due to a combination of force vectors that produce
longitudinal and transverse fractures. Fracture dislocation
of the entire petrous pyramid too has been reported®.
There is extensive basal dural tear with otorrhagia, CSF
otorrhoea and meningitis.

FACIAL NERVE

Trauma is the second most common cause of facial

paralysis after Bell’s palsy*.

Anatomical features: After its exit from the brainstem.
The facial nerve courses through the cerebellopontine
angle to the petrous bone. It is relatively fixed at the
geniculate ganglion. In the labyrinthine segment, the nerve
occupies 80% of the cross-sectional area of the
surrounding facial canal between the meatal foramen and
geniculate fossa.”” In contrast, the nerve occupies less
than 75% of the facial canal as it passes peripherally
through the larger tympanic and vertical segments of the
canal. The meatal foramen is formed by dense periotic
bone and confluence of vertical and horizontal crests of
lateral internal auditory canal. Thus, the meatal foramen
constitutes of a physiological bottle-neck especially in
the presence of edema or injury of the facial nerve.

Mechanism: Head injury is a deceleration injury, and
facial nerve is injured at its site of tethering: at the
geniculate ganglion, where it is tethered by the greater
superficial petrosal nerve. The shearing force results in
intraneural contusion, edema and hemorrhage.
Transection can occur in severe cases. The meatal
foramen due to its narrow size in the labyrinthine segment
is another site of compression (Figs 11 & 12). Fracture
of the otic capsule indicates severe trauma, and the facial
nerve damage is generally complete in such cases®. Facial
palsy can be seen in 45% to 50% of patients with gunshot
wound®. Missile fragment enters from the lateral or
inferior aspect of the temporal bone, and as it lodges in
the bone, it dissipates its energy, damages the facial nerve.
The extratemporal facial nerve, the stylomastoid foramen
and the vertical segment are the sites most often injured™.
The nerve is generally completely transected.

Immediate paralysis occurs due to transection or other
form of severe neural trauma, and carries a worse
prognosis. Delayed paralysis (after 24 hours of injury),
on the other hand, occurs due to nerve edema and

Fig 11: CT showing subdural haematoma at the cerebellopontine
angle in a patient with head injury and facial palsy
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Fig 12: Diagram of the intratemporal course of facial nerve

swelling of the nerve within its sheath or epineurium,
and carries a better prognosis. Delayed paralysis can
also occur due to external compression by an expanding
haematoma or oedema of loose fibrous tissue and
periosteum between the nerve and the bony canal.®!
Bilateral paralysis is also reported®>™.

Diagnosis: Generally facial asymmetry is obvious in a
conscious patient. In an unconscious patient, there is
incomplete eye closure with Bell’s phenomenon, and
blowing in and out of cheek with breathing. Bleeding
from ear, CSF otorrhoea, Battle sign and hearing
impairment are other features that should alert the
physician to the possibility of a facial nerve injury.
Detailed evaluation of secretomotor and taste sensations
can be done when the patient is conscious and cooperative
for such evaluation.

Topographic localization of site of injury: The site of
injury can be ascertained by Schirmer’s test,
submandibular salivary flow, stapedial reflex and
electrogustometry. However, in contemporary practice,
high resolution CT and electrical testing studies
(electroneurography, maximal stimulation test) effectively
delineate the site of injury.

Management: Management of traumatic facial palsy
continues to be controversial, with no unanimity on the
indications and timing for surgical intervention. Turner’*
reported on the natural history of immediate and delayed
traumatic facial paralysis, with satisfactory return of
facial function in eighty-two percent of delayed facial
palsy. Patients with immediate paralysis had good
recovery in fifty three percent cases. Even incomplete
recovery may be functionally acceptable. Patient should
be reassured and a watchful expectancy management
instituted. Care is taken to avoid exposure keratitis and
dryness of the cornea.

Earlier teaching of waiting for three weeks (time when
neuron’s metabolism is maximized) has now run out of

Indian Journal of Neurotrauma (IINT), Vol. 4, No. 2, 2007

favour, with findings of experimental studies advocating
early surgery. Decompression of the facial nerve improves
recovery if performed within 48 hours, and slitting of
the epineurium does not confer any benefit®. Presence
or absence of anacusis determines the approach to
decompression of the facial nerve. In anacusis,
tranlabyrinthine approach is used, since it allows excellent
access to the entire intratemporal segment of the nerve.
In the presence of hearing, a combined transmastoid-
middle fossa approach which permits access to
perigeniculate and vertical segments of the nerve is used™.
Results of facial nerve grafting appear to favour early
repair over delayed grafting, and there is no evidence
that waiting 21 days improves surgical outcome.

Sequelae and recovery: Anatomically intact facial nerve
has a higher potential for recovery. There may be
unpleasant sequelae of recovery, in the form of dysacusis,
ageusia, epiphora, gustatory lacrimation. Late sequelae
can be in the form of facial contractures, tics, spasm and
synkinesis. Recovery from facial palsy is graded according
to House-Brackmann grading system (Table 2)

Table 2: Grading of recovery from facial paralysis (House
Brackmann®°)

Grade I NORMAL

Normal facial function in all areas

Grade I | MILD DYSFUNCTION

Gross: slight weakness noticeable on close
inspection. May have synkinesis, At rest: normal
symmetry and tone, Motion: forehead, moderate-
to-good function. Eye closure complete. Mouth,
slight asymmetry

Grade III | MODERATE DYSFUNCTION

Gross: Obvious but not disfiguring difference
between the two sides. Noticeable but not severe
synkinesis, contracture or hemifacial spasm, or
both. At rest, normal symmetry and tone.
Motion: Forehead, slight-to-moderate movement.
Eye, complete closure with effort. Mouth, slightly
weak with maximum effort.

Grade IV | MODERATELY SEVERE DYSFUNCTION
Gross: Obvious weakness or disfiguring asymmetry,
or both. At rest, normal symmetry and tone.
Motion: Forehead, none. Eye, incomplete closure.
Mouth, asymmetric with maximum effort

Grade V| SEVERE DYSFUNCTION

Gross: Only barely perceptible motion. At rest,
asymmetry, Motion: Forehead, none. Eye,
incomplete closure. Mouth, slight movement

Grade VI | TOTAL PARALYSIS

No movement
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Perinatal facial palsy: Absence of mastoid process places
vertical segment of the facial nerve at risk. Extracranial
facial nerve palsy can occur in cases of prolonged labor,
due to compression of face against the maternal sacrum.
Facial nerve injury can also occur in association with
forceps delivery. The baby may have haemotympanum,
periauricular ecchymosis and asymmetric crying facies.
Electromyographic evidence of preserved or worsening
neuromuscular activity is diagnostic®®. The condition
should be differentiated from congenital facial palsy,
which has a developmental etiology and is associated
with maldevelopment of structures of first and second
branchial arches. Spontaneous recovery occurs in most
of the cases™.

VESTIBULOCOCHLEAR NERVE

Following head injury, hearing loss can occur due to
damage to the nerve, endorgan or the conducting
elements.

Mechanism: Transverse fractures of the petrous can
damage the anterior portion of the vestibule and the
cochlea. These organs can suffer concussion also. Injury
can occur with damage to central auditory pathways in
the brainstem. Pressure waves generated by a blow to
the head damage the hair cells in the cochlea and cause
high frequency hearing loss and tinnitus®. Besides the
fracture of the bony otic capsule, the nerve can be
damaged at the internal acoustic meatus.

Diagnosis: In a patient with altered sensorium, ear bleed,
CSF otorrhoea and Battle sign should arouse the
suspicion of eighth nerve injury. In a conscious patient,
a thorough medical history should include information
on vertigo, nausea, tinnitus and impaired hearing.
Otoscopic examination might reveal haemotympanum
or presence of CSF in the middle ear (liguor tympanum).
Facial palsy often coexists the injury. Conscious patient
should undergo audiometric testing, caloric testing (if
the tympanic membrane is intact) and brainstem-evoked
responses.

Course and Management: Conductive deafness usually
shows useful recovery and is amenable to surgical
intervention. However, sensorineural deafness shows
poor recovery, especially if the hearing loss has been
complete. Tinnitus is usually self-limiting and requires
no more treatment than reassurance. However,
labyrinthine symptoms (vertigo, nausea, dizziness) may
persist, and may require treatment with labyrinthine

sedatives. A patient with persisting labyrinthine
symptoms should be investigated for perilymphatic
fistula®'.

GLOSSOPHARYNGEAL, VAGUS AND
ACCESSORY NERVES

This trio of lower cranial nerves is injured together due
to their close proximity with one another in the jugular
foramen.

Mechanism: These nerves, after exiting the brainstem
enter the jugular foramen, and a fracture of this region
injures the three nerves (Fig 13). The injury is
uncommon, due to infrequent injury to the posterior
skull base as compared to that of the anterior and the
middle skull base. More often, however, the nerves are
injured in their extracranial course due to stab or gunshot
injuries, or due to stretch in falls from height. Occipital
condyle fracture too can lead to injury to ninth and tenth
nerves®.

Fig 13: Diagrammatic representation of in at jugular foramen

Diagnosis: Injury to the ninth, tenth and eleventh nerves
is underestimated, as it may not be readily apparent in
the setting of head injury. Patient has dysphonia,
dysphagia, depressed gag reflex, ipsilateral palatal palsy
with paralysis of trapezius and sternocleidomastoid
muscles (Vernet syndrome). Indirect laryngoscopy
confirms ipsilateral vocal cord palsy. This is accompanied
by loss of sensation over the posterior third of tongue,
soft palate, uvula and larynx. A lesion outside the skull is
likely to affect the cervical sympathetic, and the clinical
picture includes a Horner’s syndrome (Villaret’s
syndrome).

Course: Prognosis is generally favorable in cases not
accompanied by skull base fracture. These patients, if
swallowing is impaired causing aspiration, are fed by
nasogastric tube. Once swallowing is reestablished, oral
feeding can be resumed. If risk of aspiration persists,
these patients will require alternative enteral feeding
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(long-term nasogastric tube feeds with soft tubes,
percutaneous endoscopic gastrosotomy or feeding
jejunostomy) to maintain hydration and nutritional
intake. Detailed evaluation by swallowing therapist will
be required for long-term care and management.

HYPOGLOSSAL NERVE

Hypoglossal nerve is one of the least injured nerves in
head injury. It arises from a nucleus column in the floor
of the fourth ventricle derived from the same embryonal
cell groups as the nuclei of III, IV and VI nerves. The
rootlets join in a dural sleeve and the nerve enters the
tough bony hypoglossal canal medial to the occipital
condyle. As it emerges from the condylar canal, the nerve
passes between the jugular vein and carotid artery, and
courses anteriorly on the hyoglossus, supplying the
muscles of the tongue. It receives sympathetic fibers from
superior cervical ganglion, some fibers from the vagus
and from motor roots of C1 and C2 via ansa cervicalis.

Mechanism: Fractures of the occipital condyle can
damage the hypoglossal nerve as it passes medial to the
condyle. Hypoglossal palsy can occur late, after an
apparently minor head trauma and condylar injury®®¢.
More often, hypoglossal nerve is injured in the course
of surgery on the neck, while operating on the
submandibular gland and on C2/C3 cervical disc.

Bilateral injury is also described®.

Diagnosis: Patients with occipital condyle injury often
complain of cervicalgia, with difficulty in moving the
food bolus in the mouth. Speech is slurred. Clinically,
tongue movements are absent on the side of injury, with
deviation of the protruded tongue to the injured side.
Recovery is expected in mild injuries.

COLLET-SICARD SYNDROME

The Collet-Sicard syndrome comprises of a clinical
picture of collective damage to the last four cranial nerves.
The syndrome was described first by Collet in 1916 in
an artillery non-commissioned officer following a
shrapnel injury to the neck and skull base®”. The
syndrome can result from injury in the region of jugular
foramen and condylar canal. There is dysphonia, bovine
cough, nasal regurgitation of fluids or episodes of
aspiration  with  choking. = Weakness  of
sternocleidomastoid and trapezium is seen along with
homolateral tongue wasting. Deep aching pain in the
region of ear indicates damage to the ninth and tenth
nerves. A Horner’s syndrome often accompanies an
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extracranial lesion.

Collet-Sicard syndrome has been reported only thrice
after head injury®®®>7°. There is extensive fracture of the
posterior skull base with involvement of condylar canals,
jugular foramen, clivus®. Mild cases show recovery,
while in severe and complete injuries, prognosis for
recovery is poor. Paralysis of lower four cranial nerves
together with that of abducens nerve has been reported

after hyperextension injury to cervical spine®®’!.
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