INTRODUCTION

Face is the interpreter of emotions, mirror of soul, powerhouse of senses and way
for communication.

Facial nerve is the seventh cranial nerve which serves vital functions of lacrimation,
salivation, taste, hearing and facial expression.It necessitates urgent measures to
understand the cause and nature of nerve injury and undertake immediate steps for
restoration and rehabilitation of facial symmetry. About 90% of lower motor neuron
facial nerve disorders- inflammatory, traumatic or neoplastic, happens along its

intratemporal course.

Over past two decades, many developments have been made. Newer technologies
like radiology, electrodiagnostic study and emergence of intraoperative monitoring
have been helpful. Complex course within the bony canal, congenital dehiscence, fine
branching, interconnections, segmental blood supply, all these factors show
significantly, heading towards causation and final result of insult to nerve. A list of
etiologies commonly Bell's palsy, followed by Temporal bone fracture, latrogenic
trauma, Herpes Zoster Oticus , Otitis Media (OM), CerebelloPontine (CP) angle or
Intratemporal neoplasm ( facial nerve Schwannoma), result in facial nerve paralysis.

The nerve testing depends on determining the scale of distal axonal degeneration
(electrodiagnosis), function of branches of the nerve (topodiagnosis) and radiologic
guidance in indicated cases!- The pathways of the facial nerve are variable, and
knowledge of the key intratemporal and extratemporal landmarks is essential for

accurate physical diagnosis and safe and effective surgical intervention.



EMBRYOLOGY

Facial nerve is second pharyngeal nerve arch . Gasser234 and Sataloff 5.6
classified the development of facial nerve in embryos in accordance to length and
denoted embryonic age in weeks. Gerhardt 7 explained caudal deviation of facial
nerve in relation to facial ganglion as well as developmental malposition of nerve.
The motor nucleus of facial nerve is medial to abducent nucleus. The facial ganglion

forms common complex with vestibulocochlear ganglion(Figure 1).

Fig 1. Sagittal section of human embryo at stage 13.
Cresyl violet, x40; a — frontonasal eminence; b — olfactory crest;
¢ — heart; d — first pharyngeal arch; e — otic vesicle; f -trigeminal

ganglion; g — facial ganglion.



Ganglion presents a fusiform structure with cells in rows and is penetrated through
nerve fibres (Figure 2). Ganglion is in contact with epipharyngeal placode of second
pharyngeal arch and is located ventrally and anteriorly to the vestibulocochlear
ganglion at level of the rhombencephalic neuromere 4 . The facial neural crest is
visible. From trunk of the facial nerve originates the chorda tympani the first

branch (Figure 3). It passes anteriorly whereas main trunk of the facial nerve courses

ventrally and posteriorly along direction to second pharyngeal arch.

Figure 2. Sagittal section of human embryo at stage 13.
Cresyl violet, x400; a— roots of the facial nerve; b —
rhombencephalon; ¢ — facial ganglion; d — epipharyngeal

placode of the second pharyngeal arch.



Figure 3. Frontal section of human embryo at stage 14. Bodian’s protargol, x100; a
— facial ganglion; b — chorda tympani; ¢ — trunk of facial nerve; d — otic vesicle;

e — vestibular ganglion; f — cochlear ganglion

The motor nucleus of facial nerve lies medially to abducent nucleus in the future
dorsomedialnuclear column. The intracranial part of facial nerve elongates. At the
level of the facial ganglion arises greater petrosal nerve. It is directed anteriorly
(Figs. 4, 5). Ventrally to greater petrosal nerve originates the chorda tympani that also
passes anteriorly. The main trunk of facial nerve forms a slide arch bent anteriorly.
This segment may be considered as the primordium of the horizontal part of the

nerve.



Figure 4. Horizontal section of human embryo at stage 15.
Bodian’s protargol, x100; a — trigeminal ganglion; b — cochlear
ganglion; ¢ — vestibular ganglion; d — otic vesicle; e — trunk
of facial nerve; f — facial ganglion; g — greater petrosal nerve;

h — external auditory meatus

Figure 5. Reconstruction of brain in human embryo at stage 15;
a — eye; b — trigeminal ganglion; ¢ — ophthalmic nerve; d —
maxillary nerve; e — mandibular nerve; f — chorda tympani;
g — greater petrosal nerve; h — facial ganglion; 1 — cochlear

and vestibular ganglia.



Embryos aged 5 weeks, the facial ganglion detaches from the vestibulocochlear
ganglia and 2 branches of nerve appear . The chorda tympani at stage 14 and greater
petrosal nerve at stages 15 8 , Sataloff found facioacoustic primordium in embryo of 3
weeks and identified the chorda tympani in embryo of 4.8 mm long which
corresponds to stage 13 and extra cranial branches of the facial nerve in embryos of 5
weeks . Gasser determined the age of embryos in accordance to length and
development of the facial nerve into 4 stages. During stage [ (embryos 4.2—6.5 mm)
the ganglion forms common primordium with eighth nerve ganglion and the chorda
tympani arises. In stage II (embryos 8.0-20.0 mm) appears the greater petrosal
nerve which joins deep petrosal nerve. Gasser found the chorda tympani in embryos

at stage 15. In embryos at stage 13 the facial nerve gives no branches.

ANATOMY OF FACIAL NERVE

The seventh cranial nerve contains somatic efferent (motor) fibres, visceral efferent
(parasympathetic)fibres, general somatic sensory fibres, and special visceral sensory
(taste) fibres %19, Both sensory and motor roots have myelinated and

unmyelinated axons.

The total number of myelinated axons ranges between 7000 to 9000 in motor root
and 3000 to 5000 in the nerves intermedius 11.12, Buskirk 9 found out that 58%

of the fibres of facial nerve in human are motor, 24% are autonomic rest 18% are

sensory. The intracranial segment of the facial nerve stretches from its exit at



posterior border of the pons in cerebellopontine angle to internal auditory meatus.
From the brainstem the nerve emerges into two roots: motor and sensory. The motor
root is larger than sensory root. The sensory root ( intermediate nerve),contains
sensory and parasympathetic fibres 13.14.15.16_ The sensory fibres of intermediate
nerve comprise the larger part of the nerve. Within the internal auditory meatus, the
intermediate nerve and motor root unite to form a single trunk which enters the facial

canal.

Internal Abducens nucleus (CN VI — somatic motor)

Nucleus solitarius rostral gustatory portion
(special sensory)

Motor nucleus of CN VII
(branchial motor)

Superior salivatory nucleus
(parasympathetic motor)

CN VilI Pontine trigeminal nucleus
I (general sensory)
Nervus Pons
intermedius
portion of CNVII Pontomedullary junction

Geniculate ganglion Medulla

Nucleus solitarius caudal portion
(visceral sensory)

Spinal trigeminal nucleus



Supplies the muscles of
Brancial motor facial expression; posterior
(special wisceral efferent) belly of digastric muscle;

stylohyoid, and stapedius.

Parasympathetic innervation
of the lcrimal,
submandibular, and
sublingual glands, as well as
mucous membranes of
nasopharynx, hard and soft
palate.

Wisceral motor
{general wvisceral efferent)

Taste sensation from the
anterior 2/3 of tongue; hard
and soft palates.

Special sensory
{(special afferent)

General sensation from the

General sensory skin of the concha of the
{general somatic afferent) auricle and from a small area
behind the ear.

INTRACRANIAL PART ( CISTERNAL PART)

Axons arise from neurons in the facial nuclear complex from the lateral part of
Central tegmentum of pons rostral to pons-medulla transition !7 and run
posteromedially through the pons, hooking over the abducens nerve nucleus to raise
facial colliculus on the floor of fourth ventricle, before turning anterolaterally to
leave brainstem.

When they pass through anterolateral aspect of pons , SVE motor axons are joined
by general visceral efferent (GVE) preganglionic parasympathetic axons from
neurons in superior salivatory nucleus that will finally synapse on postganglionic

neurons in either pterygopalatine ganglion (PPG) or submandibular ganglion 8.



The GVE, SVA, GSA (and GVA) axons forms nervus intermedius which was firstly
described by Heinricus Augustus Wrisberg 19.

This nerve usually lies between the motor root of facial nerve and the
vestibulocochlear nerve as it exits the brainstem (Figure 6).The axons of motor root
of facial nerve and the nervus intermedius mix within the substance of pons but
separate onto the surface of the brainstem, deep in the pontomedullary sulcus.

The cisternal portion is 24mm long.

Figure 6. Right sided specimen showing the facial nerve (VII),the vestibulocochlear
nerve (VIII), the nervus intermedius (NI), and a vein between cranial nerves VII and
VIIIL. In this case, the NI (three bundles) arises separately from the brain stem (bs).
The choroid plexus (pc) is located anteroinferiorly to the VII at the entry of the

foramen of Luschka. From Alfieri et al.20,



INTRATEMPORAL PART

The intratemporal portion is 30 mm long and further divided into meatal,
labyrinthine, tympanic (horizontal) and mastoid (vertical) segments. The meatal
segment goes in the [AM; the labyrinthine segment goes laterally to the first genu and
the geniculate ganglion; the tympanic segment goes backwards from geniculate
ganglion to second genu; the vertical segment goes from second genu to stylomastoid
foramen. Extratemporal segment goes towards parotid gland where it divides into

temporofacial and cervicofacial branches 21.

MEATAL SEGMENT

The meatal segment is 5—12 mm in length. The motor root of the seventh nerve and
the nerve of Wrisberg run through the internal auditory canal from its porus (medial)
to its fundus (lateral wall), along with eight nerve and the superior and inferior
vestibular nerves and the labyrinthine artery (Figure 7). The bundles of nervus
intermedius join the facial nerve within the internal Auditory Meatus, 3 mm from the
porus 22, Many degrees of rotation between the facial and vestibulocochlear nerves
has been reported within the IAM 23. The parts of the vestibulocochlear nerve rotate
90 degrees as they go from brainstem to the inner ear. The seventh nerve remains
ventral in its course to the porus acousticus and in the IAM and also lies anterior to
the superior vestibular nerve in the lateral end of the meatus 24. On cross-section,
fundus of IAM is segregated into four quadrants. It is compartmentized horizontally

by a thin bony septum, the crista falciformis and vertically into anterior and posterior

10



compartments above the crista by a bony landmark , Bill’s bar (named after William
Fouts House). The motor root of seventh nerve and the nervus intermedius of
Wrisberg lie anterior to Bill’s bar in anterior superior quadrant; the superior
vestibular nerve lies behind the Bill’s bar in the posterior superior quadrant; the
cochlear nerve and inferior vestibular nerve go below the transverse septum with

cochlear nerve lying ventral to the inferior vestibular nerve (Figure 7).

Figure 7 showing IAM and its contents 25
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LABYRINTHINE SEGMENT

The labyrinthine segment is shortest (3—5 mm) and narrowest part of the facial nerve
( diameter of 0.68 mm). This segment of facial nerve lacks anastomosing arterial
cascades and is likely to be affected by ischaemia in case of oedema following
inflammation. The distal end of the labyrinthine segment, the geniculate ganglion
forms a sharp ‘hairpin’ turn, first genu of the facial nerve and marks the beginning of
the tympanic segment. At the genu, the nerve is related to the superior semicircular
canal posteriorly and the cochlea anteroinferiorly. (Figure 8) Subarachnoid space
may reach as far as the geniculate ganglion 26.

The geniculate ganglion is a sensory ganglion with no synapses. The central
processes of the GSA neurons in first genu ganglion carry pain from external acoustic
meatus and end somatotopically in spinal tract nucleus of trigeminal nerve. The
central processes of SVA neurons in first genu ganglion carry taste from anterior two
thirds of tongue via chorda tympani end somatotopically on second order neurons in
rostral end of the solitary tract — gustatory nucleus . Trigeminal and glossopharyngeal
sensitivity is thought to be modulated by chorda tympani 2728 .Without synapsing in
the geniculate ganglion, Preganglionic parasympathetic axons synapse on
postganglionic neurons either in the PPG or submandibular ganglia. Those going
towards PPG form the greater petrosal nerve(the first branch of the facial nerve)29:30.
From geniculate ganglion , GSPN runs antereomedially and receives a branch from
the tympanic plexus and grooves a hiatus on anterior surface of the petrous part of the
temporal bone and enters the middle cranial fossa, where it goes forwards in a groove

on the bone above the lesser petrosal nerve and then passes below the fifth nerve
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ganglion to reach foramen lacerum. It is joined by the deep petrosal nerve carrying
postganglionic sympathetic axons from internal carotid artery’s sympathetic plexus,
to become the nerve of the pterygoid canal and proceeds for the PPG. Axons going in
the nervus intermedius pass to lesser petrosal nerve in the region of the first genu
ganglion. The greater and lesser petrosal nerves usually separate in the area medial to
the first genu ganglion 31.The fossa in which first genu ganglion lies is covered by a
very thin layer of bone which separates it from floor of middle cranial fossa.
Dehiscences here are common and when present they are in direct contact with the
meninges. An enlarged fossa on HRCT temporal bone suggests a diagnosis of
geniculate ganglion fossa (GGF) fracture 32. The ampullated ends of the superior and
the lateral semicircular canals should be identified during translabyrinthine approach
because the facial nerve lies anteriorly and is at a risk of injury. The labyrinthine
segment of facial nerve is likely to be injured in temporal bone fractures as it gets

compressed by bony spicules.
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Figure 8 (a) The superior vestibular and the facial nerves has been exposed
within the JAM along with the geniculate ganglion and cochlea.The bone over
the tympanic segment of the facial nerve distal to the first genu ganglion has
been removed. (b) The trigeminal nerve has been cut to expose the course of
the GSPN and the petrous ICA. The interrupted red line corresponds to the
posterolateral limit of the mandibular nerve and the GSPN passes 1.7 cm from

this point to the first genu ganglion(marked with a red star).

The petrous segment of the ICA passes beneath the petrolingual ligament to enter

cavernous sinus, as described by Tanriover et al 33.

TYMPANIC SEGMENT

The tympanic segment is 8—11 mm in length. It runs along the superior edge of
medial wall of tympanic cavity, at right angles to long axis of the petrous temporal
bone, taking a posterior and a downward inclining path. It extends laterally from the
first genu ganglion to the second genu at the level of the pyramidal eminence

34 Proximally this segment passes just above and medial to posterior edge of the

processes cochleariformis and the tensor tympani tendon. The cochleariform process
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is a consistent and reliable landmark despite pathologies involving that area. Distally
the nerve lies above the oval window niche, anteroinferior to the lateral semicircular
canal prominence before taking a bend at the second genu to enter the styloid
complex bone. Second genu hugs the inferior aspect of the lateral semicircular canal.
The pyramidal eminence is a landmark for second genu. There are several small
sinuses in retrotympanum around the facial canal: the sinus tympani lies anteromedial
to the canal and facial and lateral tympanic sinuses lie posterolateral to the canal

35-37 'Via facial recess approach , the distal aspect of tympanic segment can be
located . In the above approach ,the chorda tympani nerve and the fossa incudis can
be used to safely identify the nerve. The second genu goes inferior and lateral to the
horizontal semicircular canal. Behind the second genu is the posterior semicircular
canal which demarcates the superior end of the retrofacial air cells, which delineates
the medial aspect of the facial canal (Figure 9 ). Facial nerve is vulnerable during
middle ear surgery at this level due to developmental dehiscences , especially around
oval window niche 38-43 . In longitudinal fractures of the temporal bone , tympanic

segment is vulnerable to traction injury.
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Figure 9 (a) The facial nerve has been exposed in the mastoid segment along
an imaginary line from the digastric ridge(anterior part) to the short process of
the incus tip in the mastoid antrum.(b) After skeletonizing the semi-circular
canals, it has been opened to demonstrate the relationship of the posterior

canal to the second genu (arrow).

MASTOID SEGMENT

The mastoid (vertical) segment is the longest measuring about 10—14 mm and is
longest of all petrous segments. It runs downwards vertically in the posterior wall of
the tympanic cavity and the anterior wall of the mastoid, distal to pyramidal process
from the second genu to the stylomastoid foramen on the skull base. The digastric
ridge is seen on well- pneumatized bones as the medial aspect of the mastoid tip
which points to the lateral and inferior part of the mastoid segment. The path of
mastoid segment is marked by a line drawn between the anterior end of the digastric
ridge to the tip of short process of the incus .After removing the mastoid tip, the
nerve is identified after skeletonizing the digastric ridge and outlining the inferior
part of the vertical segment of the nerve.The nerve travels from the second genu to
stylomastoid foramen from a posterior-medial to anterolateral direction. So

expanding a posterior tympanotomy inferiorly would risk damage to nerve if
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operating in the same plane. The facial nerve plane is always lateral to tympanic
annulus , but it can cross it or lie medial in its lower half 44. While elevating the
tympanic annulus or lowering the mastoid ridge overlying the nerve, the nerve may
be damaged. Failure to identify the mastoid antrum properly or being obscured by an
overhanging tegmen is the common cause of iatrogenic injury. The positions of both
the mastoid segment of facial nerve and tympanic annulus change during childhood 45
The mastoid segment of facial nerve gives three branches - the nerve to stapedius
muscle, the chorda tympani and the sensory auricular branch.Given off behind the
pyramidal eminence is the nerve to stapedius muscle which passes forwards through
a small canal to supply the stapedius. Approximately 5 mm proximal to the
stylomastoid foramen, the chorda tympani branches off and runs anterosuperiorly via
posterior canaliculus to enter the tympanic cavity. It then travels across the
Shrapnell’s membrane between its mucous and fibrous layers, near to the posterior
and anterior mucosal folds of the malleus, between the upper part of the handle or
neck of the malleus medially and superior to the insertion of tensor tympani and
lateral to the long process of the incus to reach the tympanic cavity in its anterior wall
and it enters the anterior canaliculus (canal of Huguier) within the petrotympanic
fissure’s medial part 46 . After exiting the skull , it enters the infratemporal fossa
where it is joined by the lingual nerve. A branch is given to the otic ganglion. Taste
axons from anterior two thirds of the tongue and preganglionic parasympathetic
axons are carried within chorda tympani nerve that will synapse on postganglionic

neurons in the submandibular ganglion.The nerve serves as the lateral margin of the
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facial recess in posterior tympanotomy. It is also used as the medial limit to lower the
facial ridge when performing a modified radical mastoidectomy. Chorda tympani
may arise extratemporally occasionally 47. Thick fibrous tissue surrounds the facial
nerve at the stylomastoid foramen. During anterior transposition of nerve, the
segment is lifted en bloc together with fibres of posterior belly of digastric and slivers
of bone around foramen. After leaving the stylomastoid foramen, the facial nerve lies
inferior to the tympanic plate, lateral to styloid process base and the carotid sheath
and posterior to the parotid gland. Posterior auricular nerve immediately branches off
and runs upwards behind the ear between the parotid gland and the anterior border of
sternocleidomastoid muscle and then in the notch between the external auditory
meatus and the mastoid process to supply occipital belly of occipitofrontalis,
auricularis superior and intrinsic auricular muscles. Posterior belly of digastric and

the stylohyoid muscle are supplied by a second muscular branch.

EXTRACRANIAL SEGMENT

Extra cranial seventh nerve’s main trunk enters the parotid gland high up on its
posteromedial surface and runs forwards and downwards behind the mandibular
ramus. Within the gland it divides, usually just behind and superficial to the
retromandibular vein and external carotid artery (ECA) into an upper temporofacial
trunk and a lower cervicofacial trunk. There is a varied relationship between the
nerve and vein 4849 The length of the facial nerve trunk from stylomastoid foramen to
the intraparotid bifurcation is about 8 mm and 22 mm 59, There are more axons in

temporofacial trunk but fewer fascicles than cervicofacial trunk.
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The trunks further divide to form a parotid plexus (pes anserinus) from which five
main terminal branches arise namely temporal, zygomatic, buccal, marginal
mandibular and cervical. These branches separate within the parotid substance and
exit the gland medial to its anterior margin via its anteromedial surface. There are
many individual variations in branching patterns and anastomoses in between
branches, on the face as well as within parotid 51-55. Plexiform pattern of nerves
sustain surgical injury better than others, since significant facial weakness rarely
occurs on account of accidental injury or division of a small plexiform nerve.
Branching of the seventh nerve on the face is variable yet they maintain a relatively
constant relationship to

soft tissue planes 6. In parotidectomy, facial nerve injury is a significant
complication 57 . To mitigate above issues intra-operative facial nerve monitoring can
be done. A number of landmarks are used to identify the facial nerve trunk during
surgical procedures. These include the posterior belly of digastric , tragal pointer,
bony and cartilaginous junction of external ear canal, the tympanomastoid suture and
the transverse process of the axis.1 cm medial and inferior to the tragal pointer (the
medial aspect of the tragus that points inward, forming the anteroinferior wall of the
external auditory meatus) is the main trunk of facial nerve. 6—8 mm below the
inferior ‘drop off” of the tympanomastoid fissure, the trunk can be identified or by
dissecting along the posterior belly of the digastric muscle in a retrograde fashion
towards mastoid process where it is inserted. In between the upper border of the
muscle and the EAM, they form an angle which is bisected by the main trunk. A

combination of these landmarks is the more consistent than a single landmark
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58,59 For identifying the marginal mandibular branch of the facial nerve ,
retromandibular vein is the commonly used landmark ¢0. Other than retromandibular
vein, facial vein can be followed proximally within the parotid tissue, where the
nerve crosses lateral to the vein. 1 cm below the zygomatic arch, the buccal branch
runs parallely and often along the inferior aspect of the parotid duct. There are many
variations and anomalies in the course of facial nerve. Facial nerve is the nerve of the
second branchial arch. Therefore one should be cautious while operating on patients
with external ear malformations, congenital conductive ability to hear and

craniofacial anomalies.

BLOOD SUPPLY OF FACIAL NERVE

Branches of the vertebrobasilar and ECA systems gives blood supply to these
segments of facial nerve (Figure 10) ¢1.62, Cisternal, meatal and labyrinthine
segments are supplied by labyrinthine artery — internal auditory artery. It is a branch
from AICA as it loops between the intracranial segments of the motor root , the
nervus of wrisberg and the vestibulocochlear nerves, projecting into the IAM. Basilar,
vertebral or superior cerebellar arteries can also supply it 3. Petrosal branch of the
middle meningeal artery supplies the greater petrosal nerve. The artery which usually
passes through the bone enclosing the first genu ganglion and tympanic segment of
facial nerve.Vessel and nerve are at risk when the dura is elevated from the MCF
floor because artery can sometimes pass through the hiatus of greater petrosal
nerve®t .An anastomotic facial arch network formed by the middle meningeal artery

branch — superficial petrosal artery and the stylomastoid branch derived from the
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occipital or posterior auricular arteries, which courses the facial canal via the
stylomastoid foramen supply the tympanic and mastoid segments. The stylomastoid
artery collaterals supply the chorda tympani at the level of its origin. It is the lowest
branch of stylomastoid artery to facial nerve. The bone marrow of the facial canal is
supplied by facial arch anastomotic vessels with anterior and superior tympanic
branches of first part of maxillary artery, inferior tympanic branch of the ascending
pharyngeal artery and the posterior tympanic branch of the posterior auricular artery®>
From the stylomastoid foramen to the parotid gland , facial nerve is supplied by
posterior auricular artery and occipital artery including its branches like stylomastoid
artery. Collaterals of the superficial temporal, facial, transverse facial and maxillary
arteries supply the temporofacial and cervicofacial branches that exit the parotid
gland.Meatal arteries exclusively supply the labyrinthine portion and therefore more

likely to suffer from ischaemic damage or hypoxia.

Figure — 10 showing blood supply to facial nerve
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PATHOPHYSIOLOGY OF NERVE INJURY

Cranial and Spinal peripheral nerves can be injured in a number of ways. It can be

classified as local which includes trauma both blunt or penetrating , compression like
chronic traction or acute stretch , chemical or freeze injury. Systemic causes include
autoimmune diseases ,diabetes mellitus or drug-induced. Ischaemia due to mild
pressure with no structural changes may produce transient paraesthesia in which there
is rapid recovery. In these cases surgical intervention is unwarranted. Immune-
mediated attack can lead to prolonged ischaemia which may cause specific myelin
loss (primary or segmental demyelination) without any loss of axonal integrity, which
results in an increased refractory period of transmission and slowing of conduction
and finally conduction block. If a bony spicule or haematoma is the causative agent ,
it is removed and remyelination occurs within 2—4 months with little residual
functional loss for which surgical intervention is unwarranted. Injuries separating
axons from neuronal cell bodies trigger a series of molecular and cellular events in
and around the injury site neuron and target organs. Neurons will die when injury
separates them from their nutrition which is the retrogradely transported
neurotrophins. This is more evident if injury is close to neuronal cell body.
Peripherally atrophy of chronically denervated muscles and sensory end organs may
preclude their reinnervation. Augustus Waller termed ‘Wallerian degeneration’
which refers specifically to the degenerative process that takes place along a nerve

distal to an injury. Acutely denervated distal stump facilitates regrowth of axons as it
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provides a vascularised segment of longitudinally orientated, laminin- rich basal

lamina tubes filled with axon-responsive Schwann cells (Figure 11).

Figure 11 — a) Normal neuron (b) Injured neuron

Progressive endoneurial fibrosis and Schwann cell senescence interfere with axonal
regrowth 68 Early nerve repair gives an improved functional outcome .70, Nerve
repair can be done by direct coaptations of stumps by suturing or gluing , closing a
long gap between stumps by either grafting a segment of nerve end-to-side or end to-
end or by transfer of nerve. These methods are required to allow regrowing axons to
interact with Schwann cells 71. Sir Herbert Seddon introduced the terms neuropraxia,

axonotmesis and neurotmesis to describe localised injuries to peripheral nerves 72.

23



Compression or stretch of nerve produces a physiological block of ion channel
functions and axoplasmic transport along affected axons called neuropraxia. There is
a temporary loss of function .Once the compressive agent is released it results in
quick and full recovery of function and relief from pain. Prolonged ischaemia due to
compression and traction produces demyelination. When a blunt injury to a nerve
results in Wallerian degeneration with an intact connective tissue layer it is called
Axonotmesis. Within few days of injury, conduction ceases throughout the distal
extent of the nerve. Recovery usually progresses from proximal to distal at a rate of
~1 mm/day. When an axon reaches its target organ, subsequent reinnervation of the
target is not a rule. Full functional recovery may not take place.

When a nerve is either completely cut or so badly disintegrated by an injury, which
makes recovery difficult without some form of surgical intervention is called
Neurotmesis. All the epi , peri , endoneurium of the nerve as well as its axons are
divided at the site of injury. A wide inter-stump gap will be there.Following this type
of injury, spontaneous axonal regeneration will be disordered and may not occur at
all. Distance between stumps is a significant factor in recovery. Within days after
denervation, changes in the damaged nerve fibre type and loss of striated muscle
begin. 80% of volume of muscle may be lost by 4 months and irreversible muscle
fibrosis with infiltration of fat occurs after 2 years 73-75. Functional reinnervation is
unlikely after 12—18 months. Muscles exhibit weakness, impaired coordination and
reduced stamina even after repair of nerve. Cutaneous sensory receptors undergo
degeneration post denervation and shall disappear after 3 years. Reinnervation post

surgery tends to reverse these changes especially if the disruption occurs close to the
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target organs and when the sensory nerves are involved. Sir Sydney Sunderland used
Seddon’s category of axonotmesis to describe progressively more invasive levels of
injury to the endoneurial contents, perineurium and epineurium, respectively.
Accurate prognosis of outcomes could be done in axonotmesis injuries while
correlating with these new levels 7¢. Sunderland’s grade 1 which is equivalent to
neuropraxia and grade 2 which is equivalent to axonal degeneration with intact
endoneurium typically have a complete recovery.Recovery is partially seen in grade 3
injuries. Grade 4 and grade 5 which is equivalent to neurotmesis requires surgical

intervention (Figure 12).

Figure 12 — Sunderland’s classification and Seddon’s classification
Depending upon the site of tissue disruption, misdirection of regrowing axons into

modality-inappropriate schwann tubes of the distal stump is inevitable 77.78.
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Regrowing axons with their associated schwann cells can form a mechano sensitive
neuroma at the proximal end of nerve stump or in-continuity with the distal stump.
This phenomena compromises recovery. The distinction between conduction block
and axon degeneration is important in prognosis.Other than sharp cut injuries, all
other injuries or disorders causing facial nerve palsy will not have an all-or-none
lesion. Mostly a mixture of all three types of injury will be seen.May and colleagues
correlated Sunderland’s classification with histological change, evoked
electromyography, onset and final clinical recovery according to House and
Brackmann’s grading 79. May suggested that the viral inflammatory immune
disorders such as Bell’s palsy and herpes zoster cephalicus show first three degrees of
injury. Progress of facial nerve regeneration depends on various factors including the
type and severity of injury and local microenvironment and patient general criteria

such as age, nutritional status and comorbidities like diabetes mellitus.

FACIAL PALSY GRADING SYSTEMS

Clinical measurement of facial nerve function has been described by several systems.
A six-point scale for reporting of outcomes and recovery from surgery for vestibular
Schwannoma's was proposed by House in 1983. This system was called the House—
Brackmann Staging System after some modifications. It has become the most widely
used scheme and endorsed by the American Academy of Otolaryngology— Head and
Neck Surgery 7. In the House—Brackmann system, normal function is grade I ,
complete absence of motor function of facial nerve is grade VI and intermediate are
grades II-V. (Figure - 13 ).But the House—Brackmann staging system have

limitations in form of precision and inter-observer error. Two assessment domains are
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used in grading facial nerve palsy. The first is gross observation and the second is
movement of the forehead, eye and mouth.

The mixing of static and dynamic criteria lead to some disagreement between various
observers. Other facial nerve palsy grading scores are Burres and Fisch 80 who
described a method necessitating many measurements of movement in various parts
of the face . Murty et al. 8! proposed and tested the Nottingham system of subjective
estimation of movement at each of

several points on the face. This method correlated better with the House—Brackmann
system than did the Burres— Fisch. It was easy to perform.Facial nerve dysfunction
includes secondary effects like synkinesis, hemifacial spasm, contracture, crocodile
tears, epiphora, dysgeusia, pain and hyperacusis. Both the Nottingham and Sunny
brook scales have included these secondary effects in their overall score 82. The ideal
system of grading should be user-friendly, reliable and reproducible, should give
information pertaining to pathophysiological events and correlate with self-

assessment.
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Figure — 13 House — Brackmann grading of LMN facial nerve palsy
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TOPODIAGNOSTIC TESTS
Topodiagnostic tests refers to those tests that help to locate the anatomical level of
injury.It is a test of function of nerve. These tests have a slightly limited correlation

with the precise site of nerve damage.They do not have any prognostic value.

SCHIRMER’S TEST

Greater petrosal nerve is assessed here. Strips of paper are placed in the inferior
conjunctival fornix for 5 minutes. Between both eyes , length of paper moistened is
measured. Greater than 75% unilateral decrease in lacrimation or a bilateral decrease
in lacrimation less than 10mm wetted for both sides at 5 minutes. Negative test is

normal and positive test is abnormal.

Figure 14 — Schirmer’s test
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STAPEDIAL REFLEX

Nerve to stapedius is tested here. It is interpreted as present or absent.Loud sound 70
— 100 dB above the threshold of hearing of a particular ear causes bilateral
contraction of stapedius muscle which is detected by tympanometry. Prognosis of

facial nerve palsy can be assessed with this test.

Figure 15 — Reflex arc of Stapedial reflex

ELECTROGUSTOMETRY AND SALIVARY FLOW TESTING

Chorda tympani nerve is tested here. In electrogustometry the tongue is stimulated
electrically to produce a metallic taste and then both sides threshold are compared. In
salivary flow testing , Wharton’s ducts are cannulated and salivary flow is measured

after gustatory stimulus. 25% reduction is abnormal.
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ELECTROPHYSIOLOGICAL TESTS

Electrophysiological tests have been developed to provide prognostic information for
recovery. The degree of dysfunction and assumed viability of the facial nerve can be
determined. This will tell if any surgical intervention (facial reanimation) is needed or
not. These tests are used in patients with complete paralysis and not on paresis
patients where full functional recovery is possible. Facial nerve repair is
contraindicated when the motor end plate muscle units are non functional.
Reinnervation procedures are contraindicated when no muscle end plate activity is
detected by electromyography as they will not be successful.Nerve excitability test
(NET), and maximal stimulation test (MST), are rarely used nowadays. In both these
tests normal side i1s compared to the palsied side and could be done at bedside using
a Hilger Stimulator.Limitations of above are in terms of accuracy, reproducibility,
inter-observer variation and prognostic value 8. Nowadays in clinical practice are

electroneuronography (ENoG) and electromyography (EMG) are only used.

ELECTRONEURONOGRAPHY (ENoG)

It is the most valuable prognostic indicator among electrophysiological tests.
Indication for ENoG is acute onset complete facial nerve paralysis. Amplitude
reduction percentage and rate of degeneration have been used as prognostic indicators
of facial nerve recovery. In idiopathic paralysis, degeneration of > 90% within 14
days indicates a probable poor recovery in > 50% of cases 84. Multiple sites of nerve
involvement are seen in Ramsay Hunt syndrome and hence ENoG is not useful here.

Fisch has suggested surgical intervention within 21 days in patients where there is
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> 90% amplitude reduction by ENoG as a result of traumatic injury within 6 days of

the injury 8586,

ELECTROMYOGRAPHY (EMG)

EMG records active motor unit potentials of the orbicularis oris and orbicularis
oculi muscles during rest and dynamic action. EMG can be used to determine the
volitional activity of nerve , fibrillatory potentials and polyphasic innervational
potentials. Fibrillation potentials indicate Wallerian degeneration. Polyphasic
innervation potentials indicate early signs of reinnervation .Following
injury ,fibrillation potentials arise after 2-3 weeks and polyphasic reinnervation
potentials may precede clinical signs of recovery by 6—-12 weeks.In cases of acute
onset complete facial nerve paralysis with > 90% degeneration on ENoG, the
presence of active motor unit potentials indicates a favourable prognosis as some
fibres are intact. Severe degeneration is unlikely to take place if some active motor
units are recorded after 1 week of complete paralysis. EMG plays a key role in
decision making regarding surgical intervention in long-standing paralysis. Presence
of polyphasic motor unit potentials indicate regeneration and surgical intervention is
unwarranted. Management is close follow up. Presence of fibrillation potentials
indicate viable motor end plates but LMN denervation. Surgical exploration is
warranted. Nerve continuity is achieved by either by end-to-end anastomosis,
interposition grafting, re-routing or re-innervation techniques. No electrical output on

EMG indicates that muscle is fibrosed. In this case facial reanimation is indicated.
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LIMITATIONS OF ELECTROPHYSIOLOGICAL TESTING

* Normal or neuropraxic fibres are only stimulated by electrical impulse.
Axonotmesis or neurotmesis injuries cannot be distinguished and both these have
different prognosis.

* No information is provided in cases of incomplete facial paralysis.

* [t fails to provide information within the first 72 hours post paralysis of nerve.

MANAGEMENT OF FACIAL NERVE PALSY

EYE CARE

In cases where eye closure is impaired , immediate corneal protection with
lubrication and patching should be done. Large-lens sunglasses protects the eye from
debris and dust on a windy day. During the daytime, eye drops have to be applied to
corneal surface as frequently as possible whilst at night ointment is preferred. After
the application of the ointment at night , eye should be taped closed. Over long period
of time, there is unopposed action of levator palpebrae superioris which is supplied
by the oculomotor nerve that results in upper eyelid shortening. Closing the eye
manually by the patient using his/her finger as well as stretching the upper lid
prevents this shortening. In long-standing cases of impaired eye closure, surgical

weighting or levator lengthening procedures are done 87:88,
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IDIOPATHIC/BELL’S PALSY

In 1959, Taverner 8 described the minimum diagnostic criteria for bell’s palsy which
included paralysis or paresis involving one side of the face including all muscle
groups; acute onset; no signs of central nervous system disease; no signs of ear or
Cerebellopontine angle disease. Patients present with periauricular pain , general
malaise and other prodromal illness symptoms. They rapidly develop complete lower
motor neuron facial weakness in 72 hours. The annual incidence of bell’s palsy is
ranging between 20 and 32.7 per 100,000 %091 The incidence peaks between the ages
of 15 and 45 years. It is seen more in women younger than 20 years and in men older
than 40 years. Bell’s palsy is more common 3rd trimester of pregnancy. In later stages
of pregnancy changes in fluid balance with increased ECF leads to oedema of the
nerve and compression within the facial canal 92.The aetiology of idiopathic palsy is
said to be an infectious origin, which triggers an immunologic response that damages
the facial nerve. Herpes simplex virus type 1 (HSV-1), herpes simplex virus type 2
(HSV-2), human herpes virus, varicella zoster virus (VZV), influenza B, adenovirus,
Coxsackie virus and Epstein—Barr virus (EBV) 93. Poor prognosis is seen in complete
paralysis at onset , incomplete paralysis with late onset of recovery, old age, dry eye,
decreased taste, absent stapedius reflex and post-auricular pain 4. Normal function is
regained in 3 months in most patients. After a period of 6 months , no further
recovery is seen . Prednisone 1 mg/kg/day for 10 days and oral acyclovir (400 mg

five times daily) for 10 days is a commonly agreed treatment regimen.
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RAMSAY HUNT SYNDROME/ VZV INFECTION

Ramsay Hunt syndrome is a lower motor neuron facial nerve palsy characterised by
an erythematous vesicular rash on the ear or in the mouth (Figure 16).1t is due to
reactivation of the latent VZV virus in the geniculate ganglion. Excruciating pain
may precede the onset of palsy. Diagnosis is clinical 4. Ramsay Hunt Syndrome
prognosis is worse than idiopathic facial palsy. The recommended regime is
prednisone 1 mg/kg/day for 5 days followed by a tapering 10-day dose, as well as
oral acyclovir (800 mg five times daily) within 3 days of onset 134 . Robillard et al.
have shown that patients with Ramsay Hunt syndrome treated with combination of

steroids and acyclovir have reduced ear pain, vertigo and post-herpetic neuralgia 9.

Figure 16- Vesicular eruption in Ramsay Hunt syndrome
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OTHER VIRAL CAUSES

Guillain—Barre syndrome (acute inflammatory demyelinating
polyradiculoneuropathy) presents after an upper respiratory infection. Time period is
usually 2-3 weeks.It is caused by an abnormal T-cell response against components of
myelin. The salient features are symmetrically ascending muscular weakness and
autonomic system involvement. Facial nerve paralysis is bilateral. Treatment is
mainly focused on respiratory support and passive physiotherapy. There is no role for
steroids or worse even may even delay recovery. The most effective form of
treatment is intravenous immunoglobulin infusion % .Human immunodeficiency virus
(HIV) infection can cause facial nerve palsy and can present at any stage of the
disease. It infects the facial nerve or geniculate ganglion and sets off an inflammatory

demyelinating neuropathy or secondary infection triggered by VZV, HSV or EBV 97

FRACTURES OF THE TEMPORAL BONE

Temporal bone fractures are divided into longitudinal and transverse fractures.
Incidence of complete paralysis is 20% in longitudinal fractures and usually involves
the perigeniculate area.Incidence of facial nerve paralysis is 50% in transverse
fractures and involves the labyrinthine and mastoid segments commonly. (Figures 17
and 18).Longitudinal fractures are more common than transverse fractures and is
associated with better clinical outcome. Otic capsule involvement is
characterised with increased incidence of complications 9. There are approximately
twice as likely to develop facial nerve paralysis, four times more likely to have a CSF

leak and seven times more likely to sustain a profound hearing loss in an otic capsule
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involvement. The use of HRCT of temporal bone and ENoG are important in
decision-making regarding surgery. If surgical exploration is warranted, the aim is to
to decompress the nerve ,remove bony spicules that impinge the nerve and re-

establish continuity in case of complete cut injury.

Figure 17 Figure 18
Figure -17 and 18 showing CT appearance in transverse and longitudinal

fracture of temporal bone respectively.

Management in the early post-injury stage

Patients with normal facial nerve function or those with acute onset incomplete palsy
without signs of worsening have an excellent prognosis and does not require any
surgical intervention %. In cases of acute complete paralysis ,if ENoG shows more
than 90% denervation within 6 days of onset of palsy, surgical intervention is
warranted 190, Lambert and Brackmann 10! have emphasised that surgery is indicated

on the basis of ENoG findings and it can be done on unconscious patients as well.
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Management in the late post-injury stage

The decision to treat is based on CT findings and electromyographic results. EMG
findings suggesting long-term denervation, static or dynamic facial reanimation
surgeries are done. A middle cranial fossa approach is preferred for longitudinal
fractures in which preservation of hearing is possible. A translabyrinthine approach is
used in severe sensorineural hearing loss as it is a less morbid surgery.
Decompression, resection anastomosis, end to end anastomosis, interposition nerve

graft from the great auricular or sural nerve should be used to repair the nerve.

TATROGENIC INJURY

The incidence of facial nerve palsy is between 0.6% and 3.6% in middle ear and
mastoid surgery 102, The tympanic segment distal end including the second genu,
followed by the mastoid segment is the common site of injury 193, If Intra-operative
identification of facial nerve injury is done, exploration with decompression of
proximal and distal segments of the facial nerve should be done. If facial palsy is
observed immediately post op, a few hours of observation will allow for local
anaesthetic-induced weakness to clear off. Tight mastoid dressing over an exposed
facial nerve should be avoided . In incomplete paralysis, the patient is put on oral
steroids and observed for progression of palsy. If progressing to full paralysis ,then
exploration is warranted.Forceps delivery is associated with a slightly increased
incidence of paralysis in neonates. The superficial part of the facial nerve at the
stylomastoid foramen and the soft temporal bone makes it prone to injury by forceps

assisted delivery, compression against the baby’s shoulder or maternal sacral
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prominence in cephalopelvic disproportion 104, Battle’s sign and haemotympanum
suggest trauma. EMG responses are seen at birth with progressive decrease in
amplitude over time, as opposed to inherited disorders in which they are absent right

from birth. Greater than 90% complete recovery is seen in this facial nerve injury.

OTITIS MEDIA

Facial nerve paralysis is seen in both acute otitis media and chronic otitis media. It is
due to involvement of the facial nerve by infection spreading through Fallopian canal
crevisces or physiologic canaliculi meant for neuro - vascular connections, osteitis of
Fallopian canal, inflammatory oedema leading to compression and secondary vasa
nervosum thrombosis with subsequent ischaemia and infarction of the seventh nerve.
Sometimes demyelination of the facial nerve can be caused by bacterial toxins. The
mainstay of treatment for above condition is antibiotic therapy. When spontaneous
resolution by perforation is not there then tympanostomy tubes can be placed to
relieve pressure. In chronic otitis media, mastoid exploration with facia nerve

decompression is done.

MALIGNANT OTITIS EXTERNA

Malignant otitis externa is an invasive Pseudomonas or Aspergillus infection of the
ear canal. It mainly affects the elderly, insulin dependent and poorly controlled
diabetics. Facial palsy in malignant otitis externa indicates spreading infection and
invasion through the fascial planes ,bony cartilaginous junction of EAC and the

fissures of Santorini and posteriorly to the exit of facial nerve at stylomastoid
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foramen. Ciprofloxacin (750 mg orally twice per day) is the antibiotic of choice and it
is given for a minimum of 6—8 weeks 105, Antipseudomonal B-lactam agents
(ceftazidime, piperacillin, meropenem) with or without an aminoglycoside can be
used in case of ciprofloxacin resistance . Aspergillus infection need systemic
antifungal therapy. Surgical management is currently not done. Only diagnostic

biopsy is done to exclude malignancy.
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REVIEW OF LITERATURE

Venugopal et al 195 found that trauma (41.7%) contributed to the major proportion of
cases. It may be latrogenic (20%) or Non-Iatrogenic (21.7%). A large number of road
traffic accidents constituted 21.7% cases of facial palsy were accounted for trauma of
which 16.7% showed fracture of temporal bone (longitudinal) and 5% showing blunt
trauma to temporal region . The second most common aetiology was Bell's palsy
(23.3%). Incidence of facial palsy secondary to Chronic otitis media is 67% of which
one case was tuberculous otits media. Cholesteatoma was the most common infective
cause . Malignant otitis externa was cause of facial palsy in diabetic patients in
whom there was poor glycemic control. 5% of patients had Ramsay Hunt syndrome.
Tumour was the cause of facial palsy in 13.3% of patients. Male preponderance of
tumour to facial palsy was 83%. Majority of patients in their study was between 31 —
40 years. A slight male predominance was seen. Road traffic accident was common
in young males and infectious pathologies were more in woman. Majority reported
with House Brackmann grade III palsy (30%), followed by grade IV palsy (25%).
Topodiagnostic tests showed Bell's palsy involving suprageniculate region (44.4%).
[atrogenic trauma was common in infrastapedial region . Temporal bone fractures had

suprageniculate lesion.

Patel and Poole 1% in 1998 found out that high incidence of facial palsy was post

superficial parotidectomy for benign parotid tumour.
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Eftekharian A 197 in 2005 found out that while removing the cholesteatoma in
epitympanum and supratubal recess, the 15t genu ganglion and proximal part of

seventh nerve are at risk of damage.

Guerrisi 198 in 1997 found out that 17% of facial palsy was secondary to blunt

trauma.

Nageris et al 199 described late onset seventh nerve palsy in fractures of temporal

bone.

Altuntas et al 119 in 1998, found out that 1.7% incidence of facial palsy secondary to

Chronic Suppurative Otitis Media in which 70% had Cholesteatoma.

Kirsch et al. 111 in 1996 found out that there was an increased incidence of

Tuberculous Otitis Media in United states.

Yeo SW et al.112 in 2007 found out complete revival only in 50% of Ramsay Hunt
Syndrome. Bell's palsy recovered spontaneously in 96% patients.

Rosenberg 113 in 2000 proposed that Schwannoma of facial nerve caused facial palsy
only in higher stages of disease that is in its advanced stage.

Ayala et al.114in 2007 found a male predominance for 60% of facial palsy patients .
Road traffic accident was common in young men and infectious palsies were more in
women.

Chow et al 115 in 2002 proposed that Electroneuronography helps to decide on what

decision has to be taken after 48 hours of the onset of facial palsy symptoms.

Manish Munjal et al 116 conducted a retrospective study of 500 cases of head injury .

48 patients of facial palsy were taken to study the role of topodiagnostic tests in
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localising the lesion site. In 48 patients of facial palsy, taste sensation was decreased
in 67% (21 cases); acoustic reflex was absent in 86.8% (33 cases) and Schirmer’s test
showed decreased lacrimation in 29.1% (14 cases). He also concluded that
topodiagnostic tests do not always localise the lesion site in head injury.

Dobie 117 in 1986, found out that stapedial reflex test was not useful in the majority
of cases because temporal bone fractures more commonly produced a severe
sensorineural hearing loss or conductive loss.

Tschiassny et al 118 popularised lesion site testing, of which Schirmer's test was
thought to be the most accurate topodiagnostic test.

Lambert and Brackmann 11 in their review of 26 cases of longitudinal fractures of
temporal bone, they used Schirmer's test as the main indicator of the site of facial
nerve injury.

Gantz et al 120 demonstrated that Schirmer's test predicted the site of injury in 61%
of the patients. Therefore these tests do not appear useful in deciding the injury site
preoperatively.

Renou et al 12! using Schirmer's test and stapedial reflex test , carried out a
topodiagnostic analysis of Bell's palsy in 45 cases. They used it as a guide for
possible choice of surgical decompression of the facial nerve. They found geniculate
or suprageniculate lesion in 62% of cases.

Ide, Morimitsu et al 122 compared the stapedial reflex of 30 patients with peripheral
facial nerve paralysis with the results of facial paralysis scores. The stapedial reflex
test at 500 Hz for opposite ear stimulation was found to be correct for evaluating the

degree of facial paralysis. With 500 Hz or 1,000 Hz opposite ear stimulation, the
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stapedial reflex test seemed to be useful for predicting the prognosis for facial nerve
paralysis. In these stimulations, positive reflex within 2 weeks showed full recovery
within 12 weeks and positive reflex within 4 weeks showed recovery within

24 weeks.

Bharathi M et al 123 did a study in which 101 patients were analysed of which 25.7%
were in third decade of age; 55.4% were males, and both right and left sides of the
face are involved equally. Most patients (50.5%) had a history of post aural pain at
presentation. Topodiagnostic tests showed majority of Bell’s palsy patients had
geniculate or suprageniculate lesions (67.3%) in the study. 20.8% had lesion above
the nerve to stapedius, and 11.9% had lesion below the nerve to stapedius.50.4% of
patients had a House-Brackmann (HB) facial nerve grade IV while they presented to
study.

In 1977, Chandler!24 reported a 32% incidence of facial nerve paralysis in patients
suffering from malignant otitis externa.

The incidence of facial nerve paralysis appears to have decreased with the
development of more effective medical therapy as shown by Franco-Vidal et al 125
who reported a 20% incidence of facial nerve paralysis in 46 treated patients.

In 1985, Corey et all26 reviewed the findings of 83 patients with MOE reported in
literature. Fifty-eight had facial paralysis (70%). The paralysis presented late in the
course of the disease after 2 months to be precise and indicated progression of the

disease process. However, outcome did not worsen.
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Ben I. Nageris 127 studied 48 patients with Malignant otitis externa which included
31 men and 17 women . Facial paralysis was detected in 8 patients . Mean age at
diagnosis was 78 years . Diabetes was the most common comorbidity.Diabetes and
chronic renal failure were seen in older age group. The duration of patient complaints
was 65 days.Clinical examination revealed edema of the ear canal in 7 patients (88%)
and granulation tissue in 6 patients (75%). Average erythrocyte sedimentation rate
was 77 mm/h .Bone scan findings were positive in all patients with facial nerve
involvement There was a positive correlation between presence of ear canal edema
and a positive bone scan finding .Computed tomography was performed in 7 patients
in the facial palsy patients. Evidence of canal bone destruction and of mastoid,
temporomandibular joint, parapharyngeal, or nasopharyngeal involvement was found
in several patients. Only mastoid involvement was significantly more common in the
patients with facial paralysis. Bone involvement was also significantly correlated

with a finding of granulation tissue.
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AIMS AND OBJECTIVES:

To know the prevalence and ascertain an etiology of peripheral facial nerve palsy in

patients attending our hospital.

JUSTIFICATION FOR STUDY :

* Facial nerve is the seventh cranial nerve having important functions, and hence its
paralysis can lead to a great deal of mechanical impairment and emotional

embarrassment.

* Etiopathogenesis of lower motor neuron facial palsy is still a diagnostic challenge

and the literature has shown varying results pertaining to the same.

* This study was designed to sketch out the prevalence of disease causation and the

profile of peripheral facial palsy patients presenting to our hospital at Coimbatore.

* By doing so, disease burden to society , finding etiology earlier helps in early

diagnosis, treatment and prognosis of the disease can be done promptly.
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MATERIALS AND METHODS

STUDY TYPE : Cross - sectional study

STUDY PERIOD : January 2020 — June 2021

STUDY SETTINGS : Department of ENT

Department of General Medicine

Department of Neurology

STUDY POPULATION: All patients attending PSGIMSR with lower motor neuron

facial weakness/asymmetry

SAMPLE SIZE : 40

INCLUSION CRITERIA: All patients with peripheral facial nerve paralysis in the

age of 3 years to 80 years.

EXCLUSION CRITERIA: Infants
Toddler upto age of 3 years

Adults above 80 years.
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METHODOLOGY:

After obtaining ethical committee approval, this study will be carried out in
patients with lower motor neuron facial nerve palsy, attending our hospital PSG
Institute of medical sciences and research , Coimbatore, during the period January
2020 to June 2021. After obtaining the patient information and filling it
systematically, careful history will be taken regarding commencement, causation,
duration and progression. Functions of facial nerve will be evaluated by
Topodiagnostic level of voluntary movement present in facial musculature during
clinical testing. Entire ENT evaluation including neurological examination will be
done and further assessment included Schirmer's test, acoustic reflex, subjective taste
sensation tests , routine laboratory investigations and audiological evaluation . We
will undertake comprehensive radiology including High-Resolution Computed
Tomography (HRCT) of temporal bone and Magnetic Resonance Imaging (MRI) of
temporal bone if indicated. The ethical considerations are strictly followed and data

obtained from the study will be kept confidential and disclosed only for scientific

purpose(s).
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FLOWCHART

All patients with peripheral facial nerve paralysis attending the hospital satisfying

inclusion and exclusion criteria.

!
Informed and Written consent shall be taken
|

History and physical examination as in variables recorded

!
Patient fit for study
l
Data will be recorded

|

Clinical examination , Topodiagnostic tests, Blood tests and Radiological

Examination if indicated will be done.
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RESULTS :

In this study we evaluated 40 patients presented with peripheral facial nerve palsy
between the age group of 3 and 80 years and patients who were not willing were

excluded.

All the statistical data entered in MICROSOFT EXCEL SHEET for master chart

preparation.

The collected data were analysed with IBM SPSS Statistics for Windows, Version
23.0. (Armonk , NY : IBM Corp ) . To describe the data descriptive statistics

frequency analysis and percentage analysis were used for continuous variables.

Pie and bar graph have been used for pictographic representation .

Values are expressed in numerical and percentage as %.

In the study process we found that ,
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TABLE 1 - AGE INCIDENCE (N=40)

S.NO AGE FREQUENCY PROPOTION
1 3-12 YEARS 2 5%
2 13-19 YEARS 3 8%
3 20-64 YEARS 32 80%
4 65-80 YEARS 3 8%

In our study we examined 5% of patients in 3-12 years , 8 % of patients between

13-19 years , 80% of patients between 20-64 years and 8 % of patients between 65-80

years.

® 3-12YEARS @ 13-19 YEARS 20-64 YEARS @ 65-80 YEARS

GRAPH 1 : AGE INCIDENCE
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TABLE 2 - SEX INCIDENCE (N=40)

3-12 YEARS | 13-19 YEARS | 20-64 YEARS | 65-80 YEARS | PROPOTION
MALE 1 1 22 2 65%
FEMALE 1 2 10 1 35%

In our study out of 40 patients 65% were male and 35% were female and among then

number of male patients were 1,1,22,2 in the age group between 3-12 years, 13-19

years, 20-64 years, 65-80 years respectively and female patients were 1,2,10,1 in the

age group between 3-12 years, 13-19 years, 20-64 years, 65-80 years respectively.

30

22.5

15

7.5

B MALE

3-12 YEARS

B FEMALE

13-19 YEARS

20-64 YERAS

GRAPH 2 : SEX INCIDENCE

65-80 YEARS
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TABLE 3 - PRESENTING COMPLAINTS

COMPLAINTS FREQUENCY PROPOTION
DEVIATION OF MOUTH TO 21 52.5%
CONTRALATERAL SIDE
HARD OF HEARING 8 20%
EAR DISCHARGE 7 17.5%
POST SURGERY 6 15%
EAR PAIN 5 12.5%
IPSILATERAL EAR RINGING 5 12.5%
SENSATION
TRAUMA & EAR BLEEDING 5 12.5%
FACIAL ASYMMETRY 4 10%
VERTIGO 3 7.5%
SKIN LESIONS OVER FACE 2 5%

In our study 52.5% of patients presented with deviation of mouth to contralateral side
of face and 20% with hard of hearing on same side and 17.5% and 10% of patients
presented with ear discharge and 15% patients presented with peripheral facial nerve
palsy post surgery . 12.5% patients presented with facial palsy following trauma
which was associated with ear bleeding. 7.5% of the study patients presented with

vertigo and vesicle like skin lesion were present in 5% of our study population.
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TABLE 4 - DURATION AT THE TIME OF PRESENTATION

DURATION AT THE TIME OF PRESENTATION FREQUENCY PROPOTION
1 DAY 5 12.5%
2 DAYS 7 17.5%
3 -6 DAYS 11 27.5%
1 -3 WEEKS 10 25%
1-3 MONTHS 1 2.5%
5-6 MONTHS 3 7.5%
1-2 YEARS 3 7.5%

In our study 27.5 % of the study population presented during 3-6 days of duration and
12.5 % presented on the very first day and 25% presented with duration of 1-3 weeks

and 10 % presented between 1-6 months and 7.5 % presented during 1-2 years

duration.

Most common duration at the time presentation was between 3-6 days .
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TABLE 5 - COMORBIDITIES
COMORBIDITIES FREQUENCY PROPOTION

DM 17 42.5%

SHTN 7 17.5%

CAD 1 2.5%

CVA 1 2.5%

POST COVID 1 2.5%

HIV,TB 2 5%
COMBINED COMORBIDITIES 9 22.5%
NO COMORBIDITIES 11 27.5%
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In our study 42.5% of our study population were found to be diabetic on medications
and among them 17.5% had associated systemic hypertension , and 2.5 % had CVA,
CAD, 5% had HIV and TB which included 22.5% of combined comorbidities among
40 patients , and 27.5% had no comorbidities . And 1 patient was found to had post

covid mucormycosis (5%) which involved multiple cranial nerve palsy .
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TABLE 6 - CLINICAL EAR FINDING

EAR CLINICAL FINDING FREQUENCY PROPOTION

NORMAL 21 52.5%

TM PERFORATION 3 7.5%

GRANULATION 5 12.5%
PURULENT DISCHARGE 2 5%
EDEMATOUS EAC 4 10%

HEMOTYMPANUM 3 7.5%
REDDISH HUE BEHIND TM 2 5%

In our study 52.5% patients had a normal tympanic membrane on clinical

examination, 12.5% had granulation and 10 % had oedematous EAC, 7.5 % had TM

perforation and 5% had purulent ear discharge on ipsilateral ear following chronic
otitis media and 7.5% had haemotympanum following trauma and 5% reddish hue

behind TM due to glomus jugulare.
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GRAPH 6 : CLINICAL EAR FINDING

TABLE 7 - HOUSE BRACKMANN GRADING ON DAY OF PRESENTATION

HOUSE BRACKMAN GRADING FREQUENCY PROPOTION
ON DAY OF PRESENTATION
1/6 0 0%
2/6 4 10%
3/6 12 30%
4/6 11 27.5%
5/6 6 15%
6/6 7 17.5%
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In our study 30% of the study population presented with House Brackmann grading
of 3/6, 27.5% had 4/6, 17.5% had 6/6, 15% had 5/6, 10% had 2/6.

Most common HOUSE BRACKMANN grading during presentation was 3/6.

1/6 2/6 3/6 4/6 5/6 6/6

10%
18% —————

15% 30%

28%

GRAPH 7 - HOUSE BRACKMANN GRADING
DURING PRESENTATION
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TABLE 8 - ETIOLOGY OF LMN FACIAL NERVE PALSY

ETIOLOGY FREQUENCY PROPOTION
BELL'S PALSY 10 25%
COM 7 17.5%
POST VIRAL INFECTIONS 6 15%
MALIGNANT OTITIS EXTERNA 5 12.5%
TRAUMA 4 10%
GLOMUS 3 7.5%
IATROGENIC 3 7.5%
ATYPICAL MENINGIOMA 1 2.5%
ACOUSTIC NEUROMA 1 2.5%

In this study it is found that 25% of the study population had Bell’s Palsy ; 17.5 %
had COM ; 15% had following post viral infections . 12.5% had MOE ; 10% had
trauma ; glomus as a cause for LMN facial nerve palsy in 7.5% . 5% of the patients
developed LMN facial nerve palsy iatrogenically following MRM, cortical
mastoidectomy and submandibular gland resection surgeries . Other causes like

atypical meningioma and acoustic neuroma leading to facial nerve palsy were only

2.5%
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TABLE 9 - SCHIRMER TEST

SCHIRMER TEST FREQUENCY PROPOTION
POSITIVE 24 60%
NEGATIVE 16 40%

In our study we found 60% of the patients tested positive and 40% negative for

Schirmer test at the time of presentation with LMN facial nerve palsy.

POSITIVE NEGATIVE

GRAPH 9 : SCHIRMER’S TEST
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TABLE 10 - ACOUSTIC REFLEX

ACOUSTIC REFLEX FREQUENCY PROPOTION
PRESENT 3 7.5%
ABSENT 37 92.5%

In our study acoustic reflex was absent on 93% of patients and preserved in only 3 %
patients who were diagnosed either with post RTA , or post submandibular gland
excision with marginal mandibular nerve palsy or retro positive patient presenting

with acute clinical features.

® PRESENT ABSENT

GRAPH10 : ACOUSTIC REFLEX
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TABLE 11 - TASTE SENSATION

TASTE SENSATION FREQUENCY PROPOTION
INTACT 3 7.5%
DECREASED 37 92.5%

In our study , 92.5% of the patients had reduced taste sensation and it was found
intact in only 7.5% (3 patients ) who are diagnosed with LMN facial palsy post RTA,
post submandibular gland excision with marginal mandibular nerve palsy , retroviral

disease patient in whom acoustic reflex and taste sensation were preserved

® INTACT @ DECREASED

GRAPH 11 : TASTE SENSATION
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TABLE 12 - IMAGING MODALITIES

IMAGING FREQUENCY PROPOTION
MRI BRAIN 15 37.5%
CT BRAIN 16 40%
USG NECK 1 2.5%
NO IMAGING 8 20%

In our study MRI Brain has been used as an imaging modality in 37.5 % of patients
in whom clinical disease involving soft tissues and vascular structures in brain and
40% patients required CT brain as an imaging modality where skull , petrous and
temporal bone were involved . 1 patient (2.5%) required USG neck for confirming
parotits . 20% patients have been diagnosed clinically and required no imaging

facilities.
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IMAGING MODALITIES

GRAPH 12 : IMAGING MODALITIES
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DISCUSSION :

The study was conducted among 40 participants , with preponderance of male
patients (65%) and females (35%) between 4 - 80 years. The most common
presenting complaint was deviation of mouth to contralateral side (52.5%) followed
by hard of hearing (20%) and were diagnosed with peripheral facial nerve palsy at
most common duration of presentation at 3-6 days (27.5%) .

Among our study population 42.5% were found to be associated with diabetes
mellitus and associated comorbidities which include SHTN , CVA, CAD , HIV , TB ,

MUCORMYCOSIS (22.5%).

The most of our study population had normal ear finding (52.5%) on clinical
examination . The other clinical findings included , granulation in EAC (12.5%),
oedematous EAC (10%) ,TM perforation, haemotympanum (7.5%) .

We found 30% of the study population presented with HOUSE BRACKMANN grade

of 3/6 .

The most common cause of peripheral facial nerve palsy was found to be BELL’S
PALSY (25%) followed by the second most common cause being chronic otitis media
(17.5%) . The other causes included post viral infection (15%) malignant otitis
externa (12.5%), trauma (10%), glomus jugulare (7.5%) iatrogenic (7.5%) atypical

meningioma and acoustic neuroma (2.5%).
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Venugopal et al 195 found that trauma (41.7%) contributed to the major proportion of
cases. It may be Iatrogenic (20%) or Non-Iatrogenic (21.7%). A large number of road
traffic accidents constituted 21.7% cases of facial palsy were accounted for trauma of
which 16.7% showed fracture of temporal bone (longitudinal) and 5% showing blunt
trauma to temporal region . The second most common aetiology was Bell's palsy
(23.3%). Incidence of facial palsy secondary to Chronic otitis media is 67% of which
one case was tuberculous otits media. Cholesteatoma was the most common infective
cause . Malignant otitis externa was cause of facial palsy in diabetic patients in
whom there was poor glycemic control. 5% of patients had Ramsay Hunt syndrome.
Tumour was the cause of facial palsy in 13.3% of patients. Male preponderance of
tumour to facial palsy was 83%. Majority of patients in their study was between 31 —
40 years. A slight male predominance was seen. Road traffic accident was common
in young males and infectious pathologies were more in woman. Majority reported
with House Brackmann grade III palsy (30%), followed by grade IV palsy (25%).
Topodiagnostic tests showed Bell's palsy involving suprageniculate region (44.4%).
[atrogenic trauma was common in infrastapedial region . Temporal bone fractures had

suprageniculate lesion.

Bharathi M et al 123 did a study in which 101 patients were analysed of which 25.7%
were in third decade of age; 55.4% were males, and both right and left sides of the
face are involved equally. Most patients (50.5%) had a history of post aural pain at

presentation. Topodiagnostic tests showed majority of Bell’s palsy patients had
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geniculate or suprageniculate lesions (67.3%) in the study. 20.8% had lesion above
the nerve to stapedius, and 11.9% had lesion below the nerve to stapedius.50.4% of
patients had a House-Brackmann (HB) facial nerve grade IV while they presented to
study.

But we found that in our study most of the patients with facial nerve palsy at the time

of presentation was found to have 3/6 .

Topodiagnostic tests among our study population showed 60% positive Schirmer’s

tests , absent acoustic reflex in 92.5% , compromised taste sensation in 92.5%.

Manish Munjal et al 116 conducted a retrospective study of 500 cases of head injury .
48 patients of facial palsy were taken to study the role of topodiagnostic tests in
localising the lesion site. In 48 patients of facial palsy, taste sensation was decreased
in 67% (21 cases); acoustic reflex was absent in 86.8% (33 cases) and Schirmer’s test
showed decreased lacrimation in 29.1% (14 cases). He also concluded that
topodiagnostic tests do not always localise the lesion site in head injury.

In our study we have considered MRI in 37.5% patients, CT in 40 % of the patients

for localisation of the pathology .
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At the end the study we found that , Peripheral facial nerve palsy is associated with
male preponderance presenting with deviation of mouth to contralateral side on 3-6
days of presentation with most common HOUSE BRACKMANN GRADE 3/6 &
etiology being BELL’S PALSY and the site of lesion were localised with the help of

topodiagnostic tests and imaging modalities (MRI/CT/USG).
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CONCLUSION:

On the basis of current clinical prospective cross sectional study we conclude
that , the peripheral facial nerve palsy has male preponderance with most common
etiology being BELL’S PALSY presenting with contralateral side deviation of mouth

& HOUSE BRACKMANN grade 3/6 and site of lesion localised with the help of

topodiagnostic tests and non invasive imaging modalities .
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LIMITATION OF THE STUDY :

* This study did not include follow up or recovery of the patients.

» Topodiagnostic tests are less reliable and limited correlation with precise site of
nerve damage.

* This study did not use electrophysiologic tests for prognostication.

ETHICAL CLEARANCE : cleared

FUNDS : self/ patients
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SUMMARY:

* The study was conducted among 40 participants , with preponderance of male

patients (65%) and females (35%) between 4 - 80 years.

The most common presenting complaint was deviation of mouth to contralateral

side (52.5%).

The most common duration of presentation at 3-6 days (27.5%) .
* Among our study population 42.5% were found to be associated with diabetes

mellitus.

The most of our study population had normal ear finding (52.5%) on clinical

examination.

* We found 30% of the study population presented with HOUSE BRACKMANN
grade of 3/6.

* The most common cause of peripheral facial nerve palsy was found to be BELL’
PALSY (25%).

* Topodiagnostic tests among our study population showed 60% positive Schirmer’s

tests , absent acoustic reflex in 92.5% , compromised taste sensation in 92.5%.

* In our study we have considered MRI in 37.5% patients, CT in 40% of the patients

for localisation of the pathology .
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* We conclude that , the peripheral facial nerve palsy has male preponderance with
most common etiology being BELL’S PALSY presenting with contralateral side
deviation of mouth & HOUSE BRACKMANN grade 3/6 and site of lesion
localised with the help of topodiagnostic tests and non invasive imaging

modalities .
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ACOUSTIC REFLEX |TASTE SENSATION

IMAGING AND OTHER

OP NO/IP NO AGE SEX [comPLAINTS DURATION _[COMORBIDITIES ED DIAGNOSIS WITH HB SCALE |ETIOLOGY [SCHIRMER S TEST

021056301 ™ RIGHT EAR PAIN. DEVIATION OF MOUTH TO LEFT w3d MAL /i RIGHT BELL'S PALSY ABSENT DECREASED NIL ; INC NEU;DEC LYMP; MP; TFT NORMAL

0210325111 ™M K/C/0 B/L CSOM WITH ACTIVE LEFT EAR DISCHARGE AND DEVIATION OF MOUTH TO RIGHT M PERFORATION - CP. / ABSENT DECREASED NIL

020003740 F /i ABSENT DECREASED MRI - NORMALINC NEU; EU;DEC LYMP

021007502 F )/ ABSENT DECREASED NIL

120030754 ™M / PRESENT [NORMAL " [THIN SDH IN LEFT FPT WITH INTRAPARENCHYMAL HE

020021819 F )/ ABSENT [DECREASED  |HBALC - 8.2,LYMP DEC,CHRONIC SMALL VESSEL ISCHAEMIC CHANGES

020030234 [ 1w /¢ ABSENT [DECREASED | CHOLESTEATOMA WITH HORIZONTAL SEGMENT EROSION

121033191 F 1d / ABSENT DECREASED NIL

021034824 [ 1d / ABSENT DECREASED VERTICAL SEGMENT - CHOLEASTEATOMA EROSION INTRAOP

016016650 F 1w3d 1/ ABSENT [DECREASED | TUMOR INVOLVING EXPANDING VIl NERVE CANAL AT ANTERIOR GENU AND TYMPANIC SEGMENT (MRI)
018051507 [ 1year )/ LEFT COM, LEFT 7TH NERVE PALSY POSITIVE ABSENT [DECREASED | GRANULATIONS IN MIDDLE EAR , LEFT VERTEBRAL ARTERY NOT VISUALSED;SMALL BASILIAR ARTERY (MRI)
020057845 [ 3 months L LEFT COM, LEFT 7TH NERVE PALSY, MUCORMYCOSIS POSITIVE ABSENT |DECREASED  |PETROUS BONE AND SKULL BASE OSTEOMVEL IVVLV2VIVIVILVIIl CN PALSY
020036093 F 1d /i PRESENT NORMAL NIL

020056979 3d /e ABSENT [DECREASED | NIL; LYMP DECREASED

021055885 Syears /e ABSENT [DECREASED | ANTERIOR TYMPANIC SEGMENT EROSION ON RIGHT(CT)

020057663 / ABSENT |DECREASED | LEFT SKULL BASE,PETROUS APEX SOFT TISSUE (CT)

020061914 /¢ ABSENT [DECREASED  [LARGE RIGHT CP ANGLE WELL DEFINED LESION WITH TEGMEN EROSION AND MIDLINE SHIFT (MRI)
019080785 / ABSENT DECREASED RIGHT SQUAMOUS AND PETROUS TEMPORAL BONE FRACTURE(CT)

018020171 F / 'SUBDURAL EMPYEMA COMMUNICATING TO R EAC WITH CEREBRITIS;MENINGITIS,LST(CT)
017049881 F 2years / LVIILIX,X PALSY AND LEFT HEMIPARESIS(CT), (MRI)

021056710 F 5months i/ LEFT X PALSY (CT)

020013664 [ 5 months |/ [DECREASED  |R'SCLEROSED MASTOID,SOFT TISSUE ANTRUM, MIDDLE EAR,HBA1C -8.7(CT)

019081690 m d /i ISSURE TO MASTOID PORTION(CT)
020030517 ™ W )/ 1X,X,X1,XIl PALSY (CT)

018075842 M d /

019016323 F d )/

121000921 F 2w1d / GENEXPERT - T8 POSITIVE, PANCYTOPENIA (MRI)

020053586 w / |

020027065 d / FRACTURE RIGHT SQUAMOUS TEMPORAL BONE TO PETROUS APEX,FLOOR ME INVOLVED(CT)
020004940 d /e

019041323 /€

015074520 /

020091970 )/ 7TH NERVE PALSY | MRI BRAIN NORMAL

019087543 F )/ MRI BRAIN NORMAL

020087164 F /i LYM - DEC

020007654 F / MRI BRAIN NORMAL

021007592 [ 4d / MRI BRAIN NORMAL

021023094 [V wid 1/ LYMP - DEC

017864570 [V 2w1d / [RIGHT BELL'S PAL MRI BRAIN NORMAL

021058970 [V VERTIGO X 20DAYS;HOARSENESS, ASPIRATION;L TINNITUS/HOH 2w 6d REDDISH HUE BEHIND INTACT TM / [LEFT 7TH NERVE PALSY , LEFT GLOMUS POSITIVE ABSENT DECREASED MRI - GLOMUS JUGULARE - ENHANCING LESION LEFT JUGULAR FOSSA; L VILVIILIX X,XI,Xil PALSY




