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ABSTRACT:

Objectives: To report on a 50 year old man who developed a complete left sided lower motor neurone facial nerve palsy and to review the current literature on facial schwannomas and to discuss possible differentials.

Discussion: 58% of patients present with a loss of hearing however in this case there was a loss of hearing on the same side of the facial nerve schwannoma from an early age to which he presented later with a facial palsy. In 51% of cases the geniculate ganglion is affected as is the same in this case.

Conclusion: A clinical assessment of facial nerve function combined with modern imaging techniques which allow for the diagnosis of facial nerve schwannoma pre-operatively allow the clinician to decide when to operate and which approach to be taken at surgery respectively.

INRODUCTION

Schwannomas are uncommon benign tumours that arise from the cellular sheath that surrounds nerves, the Schwann cells. 64% of facial nerve tumours are schwannomas  (Falcioni, Russo et al. 2003) and so are the most frequent tumour of the facial nerve. Facial nerve schwannomas are the third most frequent primary tumour that is associated with the cranial nerves (Saada, Limb et al. 2000) the first being vestibulocochlear and the second trigeminal. The most commonly affected part of the facial nerve is the geniculate ganglion and the most common clinical presentation is loss of hearing (McMonagle, Al-Sanosi et al. 2008). The cause of mortality from a facial nerve schwannoma left unchecked would be an increase in intracranial pressure leading to the crushing of brain tissue and movement of the brain structure.

CASE

A otherwise fit and well 50-year-old right handed man, who was not on any medication presented with a 9 month gradual onset of left sided facial palsy and difficulty closing as well as weeping of this left eye. Due to the nature of his work he has had to restrict duties to minimise talking. It was noted in the history that he developed a Bell’s palsy some 20 years ago and that he has reduced hearing in the left ear which is the remnant of a childhood infection some 40 years ago.

Neurological examination, aside from the facial palsy (of lower motor neuron type) was unremarkable. Further examination revealed a healthy right tympanic membrane and a scarred left tympanic membrane with no evidence of cholesteatoma. Audiogram examination showed a 40dB conductive deafness on the left side and normal hearing on the right.

DISCUSSION

Epidemiology

In a  recent large case series of facial schwannomas conducted by McMonagle et al it was found that there is a slight predominance of males (57%) with a mean age of onset at 49 years (ages ranging from five to 84) and only slightly, 3% more occurring on the right facial nerve rather than the left (McMonagle, Al-Sanosi et al. 2008). However in smaller case series it was found that there was no preponderance for sex (Sherman, Dagnew et al. 2002) and a lower age of presentation at 40 (Saito, Baxter 1972)  with children uncommly influenced (Sherman, Dagnew et al. 2002). Right sided increased occurrence has been noted by others such as Sherman et al (Sherman, Dagnew et al. 2002).  Epidemiologically our case certainly does fit, with the only small difference that it is the left facial nerve that is affected.

Clinical presentation

It could be logically assumed that the clinical presentation is dependant on the size and the location of the tumour, however this is not the case. Clinical presentation seems to be dependant upon location only. There is no correlation between clinical symptoms and size of the lesion as Lipkin et al showed in a 1987 study(Lipkin, Coker et al. 1987). Clinical symptoms are more obvious when the schwannomas are intratemporal and intracranial and not so obvious when they are found to be along the extracranial part of the facial nerve (Chung, Ahn et al. 2004).

The ten most commonly occurring clinical presentations of schwannomas can be found in TABLE 1.  The most frequent presenting symptom is hearing loss found in 58% of patients (sensorineural 34%, conductive 15% and “dead ear” 9%), second most common being facial weakness (McMonagle, Al-Sanosi et al. 2008). 

Incidental findings of facial nerve schwannoma have occurred where there is no loss in facial nerve function but this ranges from 27% of patients from two studies (Sataloff, Frattali et al. 1995, Okabe, Nagayama et al. 1992) and a 2008 study finding 4% as “completely asymptomatic, and their facial schwannomas were diagnosed incidentally” (McMonagle, Al-Sanosi et al. 2008).

TABLE 1 – Clinical presentation of facial nerve schwannomas

	PRESENTATION
	PERCENTAGE 

	Facial weakness
	51

	SNHL
	34

	Tinnitus
	25

	Facial tic, twitching, formication
	17

	CHL
	15

	Imbalance, ataxia
	15

	Pain, headache, otalgia
	13

	Vertigo
	9

	“Dead ear”
	9

	Recurrent facial weakness
	7


adapted from table I,  clinical presentation B McMonagl;, A Al-Sanosi; G Croxson et al. SNHL = sensorineural hearing loss, CHL = conductive hearing loss(McMonagle, Al-Sanosi et al. 2008)
Imagery and anatomy

Schwannoma can occur along any portion of the facial nerve, be it intracranially (from the pontomedullary junction to the internal acoustic opening), intratemporally (from the internal acoustic opening through the internal acoustic meatus and the facial canal to the stylomastoid foramen) or extracranially. The most frequent segment is the geniculate ganglion followed by the internal auditory canal (McMonagle, Al-Sanosi et al. 2008, Parnes, Lee et al. 1991). Having said this, in 74% of patients the schwannomas occur in more than one segment (McMonagle, Al-Sanosi et al. 2008). Figure 1 shows the chances of involvement of a particular segment per case of facial schwannoma, taking into account the fact of multiple segment involvement.

FIGURE 1 – location of facial nerve neuromas
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adapted from fig.1 Location of facial nerve neuroma by segment Thomas R. Kertesz, FRACS; Clough Shelton, MD; Richard H. Wiggins MD et al(Kertesz, Shelton et al. 2001)

Using modern imaging techniques combined with the use of clinical examination, the diagnosis of a facial schwannoma can be made pre-operatively rather than at surgery when presumed to be a vestibular schwannoma as one of the more common differentials. In a 2001 comparative study it was shown that before the use of magnetic resonance imaging (MRI), up to 13 out of 16 (just over 81%) cases were misdiagnosed as vestibular schwannomas, when the segment involved the cerebellopontine angle or the internal auditory cannal(Kertesz, Shelton et al. 2001). After the use of MRI only 8 out of 44 (just over 18%) were misdiagnosed as vestibular schwannomas when involving the same anatomical regions (cerebellopontine angle or the internal auditory cannal)(Kertesz, Shelton et al. 2001). All the cases were confirmed as facial schwannomas and the exact anatomical position at surgery.

Both MRI and computed tomography (CT) can be used together to give the final diagnosis of a facial nerve schwannoma. MRI being able to determine the nerve from which the lesion originates and CT the arrangement of the bones surrounding the lesion. Ultimately the radiological findings will depend upon where the lesion is found. Due to the tortuous course of the facial nerve and surrounding temporal bone and soft tissue structure there is not a stereotypical radiological indication of a facial nerve schwannoma. However, to find evidence of a schwannoma in radio imagery on CT there needs to be one or more of the following criteria:

1) width increase of the facial canal(Kertesz, Shelton et al. 2001)

2) remodelling of the bony structural surroundings compared to a destruction of the boundaries(Kertesz, Shelton et al. 2001)

3) manifestation of a “signet ring” at the location of the geniculate ganglion(Fagan, Misra et al. 1993)

Usually when the geniculate ganglion is affected the CT appearance is one of an enlarged and remodelled geniculate fossa that has thin bony structure. When the tympanic division of the facial nerve is affected an outline of a branching lesion radiates from the tympanic segment into the middle ear area. If the mastoid division is affected there is the outline of a mass which has well definable edges in a tubiform appearance or the outline of a rotund lesion with irregular margins if there has been infiltration to the mastoid air cells.

When viewing an MRI to distinguish a facial nerve schwannoma, the application of characteristics of any neuroma is used rather than a stereotypical diagnostic depiction of a facial schwannoma(Chung, Kim et al. 1998). Therefore the most useful criteria for depiction of a facial schwannoma are

1) “a mass that is mildly hypointense or isointense relative to brain on non-contrasted T1-weighted images and is enhanced following gadolinium administration” (Kertesz, Shelton et al. 2001)

2) On T2-weighted MR cystic change or even heterogeneity is viewed (Kertesz, Shelton et al. 2001)

3) “skip lesions” may possibly be present (McMonagle, Al-Sanosi et al. 2008)

The appearance of schwannomas in specific anatomical positions on a T1 MRI with contrast reveal detailed soft tissue masses with enhancing rims. On MRI if the geniculate ganglion is affected there is an enhancing lesion in the expanded geniculate fossa. As in CT, when the tympanic segment is affected on MRI there are branching lesions radiating into the middle ear area. If the mastoid segment of the facial nerve is affected the MRI scan reveals a mass which has well definable edges in a tubiform appearance or a rotund lesion with irregular margins if there has been infiltration to the mastoid air cells. A enhancing mass may also be see just anteromedial to the geniculate fossa projecting into the middle cranial fossa, this would be thought to be a superficial petrosal nerve (a branch of the facial neve) schwannoma. 

In reference to the case, a direct coronal petrous bone CT was peformed. Due to the oblique position of the scan, interpretations to delineate the relations of a possible lesion to the inner ear proved difficult. There was no involvement of the inner ear as would be expected in a facial schwannoma, although slightly compressed. It was originally thought from this scan that there was a break in the roof of the middle ear, the tegmen tympanum. It is this structure that divides the middle ear from the middle cranial fossa. This combined with some minor supportive evidence lead to the differential of a possible encephalocele. In Figure 2, various images have been selected and expanded upon. 

Figure 2 – Radio-imagery taken from the case above. The lettering in red denotes pathological findings.
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	Figure 2.1axial CT through the temporal bone at the level of the cerebellopontine angle

A) the internal auditory canal. 

A) (in red) depicts a remodelled facial canal that has increased in size.

B) the vestibule

C) the posterior semicircular canal

D) an enlarged geniculate ganglion fossa which has remodelled surrounding boney structures

E) the basal turn of the choclea

F) the sigmoid sinus
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	Figure 2.2Reconstructed CT in the coronal plane at the level of the Internal Acoustic Canal

A) the internal auditory canal. 

A) (in red) depicts a remodelled facial canal that has increased in size.

B) the tegmen tympanum that has eroded away and seems to be very thin or even non-existant.

C) the geniculate ganglion fossa which has remodelled the middle ear and possibly mastoid areas
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	Figure 2.3 Coronal T1-weighted, contrast enhanced MRI at the level of the Internal Acoustic Canal

A) the facial nerve schwannoma that has a rim with an enhanced signal due to the uptake of gadolinium, with a mildly hypotense center
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	Figure 2.4 Axial T1-weighted, contrast enhanced MRI at the level of pontomedullary junction

A) the facial nerve schwannoma that has an enhanced signaling rim due to the uptake of gadolinium

B) the facial nerve as it exits from the lateral edge of the pontomedullary junction


The areas of involvement on detailed radiological examination of the case seems to suggest the distal part of the internal acoustic canal, the geniculate ganglion and possibly the tympanic part. The possible break in the tegmen tympanum maybe due to the extension of the soft tissue superiorly, invading into the left temporal fossa. On further examination of other MR imagery of the internal auditory canal, it could be seen that there was increased soft tissue superior to the transverse crest and anterior to the anatomical location called Bill’s Bar within the facial canal, see figure 3. These findings are highly suggestive of a facial schwannoma simply on account of the anatomical location as depicted in figure 3.

Although MRI has proven to be of immense value in the diagnosis of facial nerve schwannomas, it’s weak point has been noted. This is the inability to recognise “microscopic anterior tympanic segment extension in a tumour involving the geniculate ganglion” (Kertesz, Shelton et al. 2001). Another weakness is that with contrast enhanced MRI it is also not unusual to find that a normal facial nerve enhances unevenly(Gebarski, Telian et al. 1992), therefore when the diagnosis is unclear a bone-algorithm CT showing enlargement of the same area is a supportive indication of facial schwannoma(Kertesz, Shelton et al. 2001).

Figure 3 – a schematic representation of the internal auditory canal from the medial aspect

	



	SUP = superior

ANT = anterior

TC = Transverse crest, also know as crista falciform (a horizontal ridge of bone that separates the internal acoustic meatus fundus into superior and inferior parts)

BB = Bill’s Bar (a vertical ridge found in the superior half of the internal acoustic meatus that divides superior part into anterior and posterior parts)

FN = facial nerve (the yellow circle attched to the facial nerve is the nervus intermedius)

SVN = superior vestibular nerve

CN = cochlea nerve

IVN = inferior vestibular nerve


adapted from ICA schematic, en.wikibooks.org/wiki/Ossicle/Otology 
 Differentials
As discussed earlier one of the more common differentials of facial nerve schwannoma is an acoustic neuroma. This is especially true when after using MRI the lesion in question is found to only involve either the cerebellopontine angle or the internal acoustic canal or both. The clinical findings that would help with the diagnosis of a facial nerve schwannoma are “paresis, palsy and twitching, all of which are uncommon in acoustic neuroma” (Kertesz, Shelton et al. 2001). To be able to discriminate between the two differentials radio-logically it is of utmost importance to use MRI to visualise any enhancing signals down the length of the labyrinthine segment of the facial nerve (Kertesz, Shelton et al. 2001). The two tumours do have comparable radiological findings but it is more indicative of a facial nerve schwannoma if the labyrinthine segment of the internal acoustic canal has an enhanced signal combined with a bone-algorithm CT showing enlargement of this area. 

A hemangioma of the facial nerve is also a strong differential that is commonly associated with the geniculate fossa. However, on contrast enhanced T1 MRI the margins are not well defined and on CT, half the cases will show intratumoral bone spicules if it is an ossifying hemangioma.

A cholesteatoma is another possible rare differential this usually presents with a persistent ear discharge which was not present in this case. On radio-logical findings with a contrast enhanced T1 MRI there is an isointense, relative to brain, middle ear mass branching down the length of the facial nerve canal. An encephalocyle causing pressure on the facial nerve is another rare differential however this can be dismissed by the visualisation of a mass with a rim that has an enhanced signal on a coronal T1-weighted, contrast enhanced MRI.

Treatment plans

When it comes to the treatment options for facial nerve schwannoma there are three:

1) observation

2) stereotactic radiosurgery

3) surgery

The principal treatment option for facial nerve schwannomas is surgery however observation maybe indicated if the tumour is small and the level of function of the facial nerve, as graded by the House-Brackmann system (see table 2) is low. To date there has only been one study with 2 patients on the use of stereotactic radiosurgery as a form of treatment for facial nerve schwannoma. The out come being that: the hearing for both patients was spared; facial palsy was halted in one patient and improved in the other; and a “control” of tumour growth (Sherman, Dagnew et al. 2002). Radiosurgery would only be advisable in those who are more senior or unfit for surgery.

Currently surgery is still the best option of treatment and it is usually a question of when and how rather than if. The four reasons to operate are:

1) suspicion of a malignancy and neurofibromatosis(McGuirt, Johnson et al. 2003)

2) brainstem compression and hydrocephalus occurrence (McMonagle, Al-Sanosi et al. 2008) 

3) halt or slow the deterioration of the facial nerve function (McMonagle, Al-Sanosi et al. 2008)

4) to debulk and reconstruct the facial nerve to give an optimal level of facial nerve function (McMonagle, Al-Sanosi et al. 2008)

It is best practice to operate when the facial nerve function has degraded to House-Brackmann grade III. This is because if there is an appropriate removal of the tumour combined with a well taken graft (usually from the greater auricular or sural nerve) there is an equivalent level of facial nerve function post-operatively. If the patient shows a grade IV level of function then it is most certainly advisable for invasive surgery, patients showing signs of grades I or II may remain at this level for numerous years and so surgery would cause an increase in the grade of facial function loss, most likely to a grade III, but maybe higher.

When the surgery is performed at an early stage there is evidence of better results compared with when the surgery is performed when the House-Brackmann grade is greater than grade V (Kim, Chang et al. 2003). This is understood to be because the cell bodies of the facial motor nucleus, motor end-plates and muscle fibers are at their peak level and so there is an increased possibility of nerve regeneration. Conversely when surgery is performed at a House-Brackmann grade V or higher the result of facial nerve function will be less favourable as the cell bodies inside the facial motor nucleus, motor end-plates and muscle fibers would have deteriorated significantly (McMonagle, Al-Sanosi et al. 2008).

There are numerous surgical approaches that could be taken which are dependant firstly upon where the pathology lies and secondly upon the training and intention of the surgeon (conservative or aggressive). The approaches include transmastoid, translabyrinthine, transotic, transcochealar, retrosigmoid, middle fossa transparotid or a diverse combination of all the above (McMonagle, Al-Sanosi et al. 2008).  Due to most lesions (as in the above case) commonly involving the geniculate ganglion and labyrinthine segment of the facial nerve the most commonly used approaches are either middle fossa or translabyrinthine, they are also more commonly used as exposure for anastomosis is required (Kertesz, Shelton et al. 2001).

TABLE 2 – the House-Brackmann grade of facial nerve function (House, Brackmann 1985)

	GRADE
	DESCRIPTION
	CHARACTERISTICS

	I
	Normal
	Normal facial function

	II
	Mild dysfunction
	Gross
	Slight weakness noticeable on close inspection, may have slight synkinesis

	
	
	At rest 
	Normal symmetry and tone

	
	
	Motion
	Forehead: moderate to good function

Eye: complete closure with minimal effort

Mouth: slight asymmetry

	III
	Moderate dysfunction
	Gross
	Obvious but not disfiguring difference between two sides. Noticeable but not severe synkinesis, contracture and/or hemifacial spasm.

	
	
	At rest 
	Normal symmetry and tone

	
	
	Motion
	Forehead: slight to no movement

Eye: complete closure with effort

Mouth: obvious asymmetry, ability to move corners of the mouth with maximal effort

	IV
	Moderately severe dysfunction
	Gross
	Obvious weakness and/or disfiguring asymmetry

	
	
	At rest 
	Normal symmetry and tone

	
	
	Motion
	Forehead: no movement.

Eye: incomplete closure.

Mouth: asymmetrical movement of the corner of mouth with maximal effort

	V
	Severe dysfunction
	Gross
	Only barely perceptible motion

	
	
	At rest 
	Asymmetry

	
	
	Motion
	Forehead: no movement

Eye: Incomplete closure and only slight movement of lid with maximal effort

Mouth: slight movement of corner of mouth

	VI
	Total paralysis
	No movement


CONCLUSION

In 58% of facial nerve schwannoma patients the typical presentation is loss of hearing, however because the patient had lost his hearing from an early age his main presenting symptoms were facial palsy. With modern imaging capabilities the diagnosis of facial nerve schwannoma should be made pre-operatively rather than mistakenly at the time of surgery when the false diagnosis was vestibular neuroma. Preference of treatment is based upon the House-Brackmann grade of facial function. Grades I to II it is best to observe where as grade III and above are the levels at which invasive action should be taken and a graft placed.  Resolution of MRI for diagnosing a small lesion is 2mm, however the geniculate ganglion of the facial nerve is between the boney canal and so a small lesion may not be picked up by MR, hence there is a definite need at surgery for the microscopic confirmation of clear limits from the nerve sections extirpated. 
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