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Abstract 

Intratemporal facial nerve schwannoma (FNS) are rare benign tumors of the skull base. Many of these tumors will be detected during evaluation for symptoms suggestive of vestibular schwannoma. However, there are several signs and symptoms which can suggest the facial nerve as the origin of the tumor. Intratemporal FNS can be multiple, like “beads on a string”, or solitary lesions of the internal auditory canal. This variable tumor morphology necessitates multiple treatment options to allow patients the best chance of preservation of facial nerve function. Historically FNS were managed with resection of the nerve with cable grafting. However this leaves the patient with permanent facial weakness and asymmetry. Currently most patients find this out​come unacceptable, especially when they present with good to normal facial nerve function. Facial paralysis has a significantly negative impact on quality life, so treatment regimens that spare facial nerve function have been used in patients who present with moderate to good facial nerve function. Nerve sparing options include tumor debulking, decompression of the bony facial canal, radiosurgery, and observation. The choice of management depends on the degree of facial nerve dys​function at presentation, hearing status in the affected ear, medical comorbidities and patient preference. Each treatment option will be discussed in detail and suggestions for patient management will be presented. 
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Core tip: The management of intratemporal facial nerve schwannoma (FNS) has changed over the past 15 years. Current management strategies involve tumor stripping, bony decompression, radiosurgery, and observation. Each of these treatment options are designed to minimize the risk of injury to a functional facial nerve. Complete surgical excision and cable grafting are reserved for tumors which have already resulted in severe facial weakness. Each management strategy will be discussed in detail with a management algorithm will be presented. Intratemporal FNS are unusual benign tumors affecting the facial nerve as it passes through the bony canal of the temporal bone. Previous management paradigms involved complete resection of the tumor and nerve with simultaneous cable grafting; however, patients were left with long term facial paresis. Newer treatment strategies resulting in less facial nerve morbidity have become more popular in the last 15 years including: Surgical debulking, stereotactic radiosurgery, bony decompression and observation. Each of these strategies will be discussed with emphasis on facial nerve outcomes and tumor control rates.

INTRODUCTION
Facial nerve schwannoma (FNS) are rare benign tumors which can affect any part of the facial nerve (FN). Classically these tumors were treated with complete tumor resection and cable grafting of the residual nerve. However within the last 15 years the emphasis on preservation of FN function has become paramount. Various treatment modalities are available to this end: Observation, radiosurgery, debulking/tumor stripping surgery, or decompression of the facial canal. Physicians who manage these patients must understand the risks and benefits of the different treatment approaches and to understand their efficacy in managing FNS patients. 

ANATOMY

The FN, cranial nerve Ⅶ, has a complex anatomy and path. The FN can be divided into four segments: The brainstem nucleus and tracts, cisternal segment, intratemporal segment, and peripheral segment. The FN nucleus comprises the motor component whereas the nucleus ambuugus is the first order synapse for the sensory division of the nervus intermedius which runs with the main trunk of the FN. The cisternal segment begins as the nerve exits the brainstem and ends as the nerve enters the internal auditory canal (IAC). This segment has no epineurium. The intratemporal segment begins at the porus acousticus and travels through the bony facial canal to end at the stylomastoid foramen. The intratemporal nerve can be divided into 5 discrete segments: Fundal (IAC), labyrinthine, geniculate ganglion, tympanic and descending (mastoid) segments (Figure 1). The peripheral segment refers to the nerve as it exits the stylomastoid foramen and continues on to the face, where it innervates muscles of facial expression[1]. 

DIAGNOSIS

Tumors involving the intratemporal FN can be challen​ging to identify preoperatively. These tumors may have several symptoms in common with the more common vestibular schwannoma (VS) including sensorineural hearing loss, vertigo and imbalance, and tinnitus. While FN dysfunction is relatively uncommon in patients with VS (2%) this symptom is much more common in primary FN tumors. Symptoms suggesting possible FN origin also include lacrimal gland dysfunction and taste disturbance[2,3]. The classic motor symptoms for a FN tumor are recurrent FN weakness (frequently misdiagnosed as bell palsy), hemifacial spasm or slowly progressive facial weakness. These symptoms are not specific to FNS but common to all FN tumors including hemangioma. 

However, many FN tumors do not present with FN dysfunction at all. It is common for the diagnosis of FNS to be made intra-operatively; this is particularly true for tumors limited to the CPA/IAC (2) (Figure 2A). As imaging technology has improved over time, it has become much easier to diagnose a FNS before going into surgery. High-resolution computer tomography (HRCT), magnetic resonance imaging (MRI), audio​metry and vestibular testing, electroneurography, and electromyography became tools to help make the diagnosis[2,4]. Full discussion of the diagnostic modalities for the FNS is beyond the scope of this article and the reader is referred to other references for more in-depth discussions[5].

FNSs are classically described as a contrast en​hancing mass in the course of the FN, on MR. On T1-contrast enhanced MRI, FNSs present as smoothly circumscribed fusiform enhancing mass along the intratemporal FN. Usually, intratemporal FNSs involve multiple segments of the FN and appear as “beads on a string” on MR[6] (Figure 2C).

Other distinct appearances of the FNS are seen along the various segments of the FN. Those limited to the cerebellopontine angle or IAC (CPA-IAC) are very hard to distinguish from VS. Occasionally a labyrinthine “tail”, the schwannoma’s extension into the labyrinthine segment of the FN canal, can be seen as an indication of a FNS rather than VS. A large CPA-IAC FNS may present with a “dumbbell” imaging appearance, due to the extension of the FNS from the IAC fundus to the labyrinthine segment and to the geniculate fossa[3]. FNSs centered in the geniculate fossa or those that extend along the greater superficial petrosal nerve present with a mass in the middle cranial fossa (MCF)[3] (Figure 2B). These lesions may enhance along the course of the nerve or be discrete, well-defined extradural lesions arising along the floor of the middle fossa. FNSs located in the tympanic segment often lobulate into the middle ear cavity[3]. FNSs arising from the mastoid segment may spread into nearby mastoid air cells, demonstrating unusual, irregular tumor margins as the tumor expands through the air cells along the pathways of least resistance. HRCT images of these lesions reveal a widening or even erosion of the bony canal[3] (Figure 2D). 

HISTORICAL PERSPECTIVES
As the approach to medicine has changed over time, the goals of treatment have evolved. For many benign pathologies, medicine now focuses on maximizing the patients’ quality of life (QOL), in addition to treating the disorder. This changing pattern is evident in the treatment patterns for intratemporal FNSs. 

Complete surgical resection and grafting were very popular up until the mid-1990s[7]. Many physicians offer tumor resection with cable grafting if the patient presents with facial palsy and facial dysfunction, House-Brackmann (HB) Grade 4 or worse (Table 1)[8]. Grafting provides the possibility that some degree of function will resume, however, full symmetric facial function is never achievable. 

Depending on the location of the tumor and the degree of hearing loss at the time of presentation, the surgical approach will vary[6,9]. For tumors involving the geniculate and more medially, the MCF or subtemporal approach is offered to the patients if the tumor does not extend significantly (less than 1.5 cm) into the CPA and the hearing is serviceable (hearing is defined as at least serviceable if it is either Class A or B on the AAO-HNS scale[10]) (Figure 3). 

The MCF approach can be combined with a trans​mastoid approach for tumors involving larger portions of the nerve but with serviceable hearing. This combined approach allows for access to multiple segments of the nerve while maintaining the auditory apparatus. When hearing is non-serviceable a translabyrinthine approach is appropriate and can be used for any size or location of tumor[6]. This can be carried out using a nerve graft (greater auricular nerve, sural nerve or cadaveric donor cable graft) or through direct anastomosis[9,11]. Graft length has not been shown to correlate to the degree of facial function, but graft location has been shown to be a factor; the more proximal to the brainstem the first neurorraphy is placed, the worse the FN outcome[6]. Pre-operative FN function is one predictor of ultimate FN function after grafting; those with better pre-operative function do better with grafting than those who present with poorer FN function and have a graft. In patients undergoing total tumor resection, tumor recurrence is not expected[6].

Many studies have shown the negative effects of facial paralysis on psychosocial function and QOL using evaluation tools such as the Glasgow Benefit Inventory, the short-form 36, the Derriford Appearance, the FaCE Scale, and the Facial Disability Index[12,13]. Facial paralysis affects QOL is by limiting the patient’s ability to express emotion through facial motor movements, thus affecting their ability to form social relationships and have successful social interactions. This leads to feelings of social isolation[14]. Facial paralysis alters self-perception of facial appearance. People with a disfigured facial appearance are often looked at differently by society and valued less because they do not look “normal”, affecting their ability to form relationships and affecting their psychosocial well-being[15]. Because QOL factors are more heavily considered in current treatment algorithms, management techniques that preserve FN function while still successfully managing the tumor may be preferred[7].

ALTERNATIVES TO TUMOR RESECTION

The main alternative management modalities for intrate​mporal FNSs are tumor debulking, bony decompression, stereotactic radiation, and observation. 

Debulking

Debulking or stripping surgery refers to the removal of as much of the tumor as possible while leaving the main trunk of the FN intact[6,16]. The goal of a tumor debulking is to remove as much of the tumor mass as possible while maintaining the anatomic and functional integrity of the nerve. This surgical method can achieve near-total tumor removal. However, by definition, some of the tumor is left on the FN, which can result in tumor regrowth. Debulking surgery is carried out under high magnification microdissection between nerve fibers and the actual tumor. In some cases however, the nerve fibers are scattered in the tumor and thus not suitable for debulking; this cannot be determined until the tumor-nerve interface is assessed intraoperatively[6]. Continuous electromyographic FN monitoring is used during debulking. Short bursts of activity may be present but the microdissection is stopped if fibrillation potentials (trains) are produced[6]. The percentage of tumor removal is then estimated by the end of the operation and can also be assessed via volumetric analysis of post-operative MRI scans. As in tumor resection, an MCF or a TL approach can be used, taking into consideration the hearing factors previously mentioned. 

Debulking surgery is generally a choice of treatment in patients that do not present with facial dysfunction[16]. This surgical technique can be very useful for tumors of the CPA/IAC, which are generally presumed to be VSs preoperatively. If a FNS is found intra-operatively instead of a VS, the physician may choose to debulk the FNS until fibrillation potentials are encountered, at which point they will leave the rest of the tumor on the nerve. Post-operative FN function is expected to be maintained (a Grade 1 or 2 HB). In one study, the immediate and long-term postoperative FN function after debulking was evaluated. Out of 11 patients who underwent debulking, only 2 patients had worse than a HB score of 3 upon immediate post-operative evaluation. Results for the long-term follow-up were even better. Only one patient had a score of HB 3; all other patients scored HB 1 or 2[6]. However, patients should be informed of the risk of FN damage and functional decline. There is also a risk of regrowth, because a portion of the tumor is left on the nerve. Therefore, it is imperative to continue following the tumor with serial MRI imaging[6].

Surgical decompression

Bony decompression refers to the removal of the bony facial canal along the course of the FN to relieve the intrafascicular pressure created by the tumor[17-19]. Bony decompression should be considered as a first-line option in patients that are pre-operatively diagnosed with a facial schwannoma and present with normal facial function (HB 1 or 2) and small tumors[6,7,17]. De​compression is beneficial in that it preserves facial function, and may even improve facial function, while also preserving hearing ability[2,6,17-19]. However, because decompression does not treat the underlying tumor, risk of tumor growth does exist[13,17]. Therefore, it is important to continually monitor the tumor post-op using a serial MRI imaging[17]. Wilkinson et al[7] reported that in 78.9% of patients undergoing decompression, FN function either remained the same or improved. Furthermore, three patients (15.8%) in the decompression group showed improvement whereas only one patient (11.1%) in the observation group showed improvement. No patients had hearing loss[7]. 

Stereotactic radiosurgery

Stereotactic radiosurgery (SRS) is a less invasive approach in which external beam radiation is directed at the tumor while minimizing damage to surrounding tissue[20,21]. Ionizing radiation acts at the cellular level to causing DNA damage to the rapidly dividing cells. In rapidly dividing malignant cells, this results in apoptosis and tumor resolution. In benign, slowly growing tumors (such as FNS), SRS does not result in resolution of the tumor; however, tumor growth is controlled and the volume of the tumor may even be reduced over time[21]. Recent evidence suggests that schwannoma cells are relatively radioresistant and tumor control may be more related to radiation induced fibrosis of the tumor vasculature[22]. 

SRS is typically used for benign tumors less than 3.5 cm in size[20]. A major benefit of SRS is that pre-treatment FN function is preserved and in rare cases, may be improved[23-29]. SRS should only be used in tumors that are demonstrating growth on serial MRI. This may include residual tumors that remain after debulking surgery or partial resection[23,25,27,29]. 

Large series of FNSs alone are lacking due to the rarity of this lesion[23,27]. Some inferences about effectiveness and long-term effects of SRS for FNS can be taken from the body of literature for VS; however these VS data must be used with caution when counse​ling FNS patients. Hearing ability in patients undergoing SRS for VS seems to be maintained up to about 5 years post-treatment. However, evidence suggests that beginning 6 years after VS SRS, patients may experience hearing loss, especially in tumors limited to the IAC[23,27,28]. Another risk is potential damage to the FN resulting in worse FN function than pre-treatment levels[23,27,28].

Observation

Observation with serial imaging techniques is now becoming a popular first-line management choice for FNSs. Patients presenting with small FNSs and without facial dysfunction (present with HB 1 or 2) or other neurologic deficit can be followed with MRI, audiograms, and other imaging techniques[2,25,26,30]. This conservative approach may allow the patient to maintain their functional FN for a long period of time, up to 10 years, without having to intervene with a more destructive or invasive approach[25,26,30,31]. It is possible to take a conservative approach because of the slow-growing characteristic of these tumors, allowing the patient to avoid intervention for many years[4,25]. Observation with imaging should be maintained until facial function deteriorates (HB Grade 3 or worse), or the tumor grows significantly in size[2,4,25,26]. At this point, the physician should consider a more aggressive approach[2,4,25,26]. It has been shown that observation for a period of time before doing surgery does not result in worse outcomes, when compared to cases in which surgery was the initial treatment of choice[4]. Observation is especially recommended in elderly patients or those patients who have significant comorbidities[27]. Observation is not an appropriate choice for tumors causing significant brainstem deformation or compression[26].

TREATMENT RECOMMENDATIONS
Poor FN function (HB Ⅳ-Ⅵ) and poor hearing (AAO-HNS class C-D) at presentation a translabyrinthine resection with cable grafting is recommended; Poor FN function (HB Ⅳ-Ⅵ) and serviceable hearing (AAO-HNS class A-B) consider middle fossa ± transmastoid resection; Moderate facial function (HB Ⅲ) and serviceable hearing consider FN decompression via MCF and mastoid or consider observation; Good facial function (HB Ⅰ-Ⅱ) and serviceable hearing consider observation or FN decompression via MCF and mastoid; Poor surgical candidate or refuses surgery consider radiosurgery if growth demonstrated or observation.

CONCLUSION

In summary, there are currently many options for management of intratemporal facial schwannomas, and the modern practitioner should be familiar with these various treatment options when counseling patients. A high index of suspicion for FNS will allow appropriate diagnosis and treatment when these patients do present. Non-surgical options are also appropriate management choices for a select group of patients. Good facial function and hearing preservation are possible with a number these surgical techniques. 
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Figure 1  Line drawing of the facial nerve. The nerve takes a very tortuous course through the temporal bone within the Fallopian canal before exiting the skull base at the SMF. Any portion, intra or extratemporal, can be affected by a facial nerve schwannoma. a: Nerve as it exits the brainstem and crosses the cerebellopontine angle; b: Labyrinthine segment; c: Geniculate ganglion; d: Tympanic segment; e: Mastoid segment; f: Chorda tympani nerve; arrow: Intracanilicular segment. 1Nerve to stapedius; 2Greater superficial petrosal nerve. (Joshua M Klein, MSM I artist). SMF: Stylomastoid foramen.
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Figure 2  Radiographic images of facial nerve schwannoma. A: Contrasted coronal T1 weighted MRI of right intracanilicular FNS. The patient was presumed to have a vestibular schwannoma but the tumor arose from the FN. The patient underwent tumor debulking with HB grade 1 at follow-up; B: Contrasted T1 weighted coronal MRI of a large FNS arising from the geniculate ganglion with significant extension into the middle fossa and the middle ear. The patient underwent a translabryinthine resection with cable grafting; C: Post contrast axial T1 weighted MRI demonstrating a FNS involving multiple levels of the facial nerve. This is a typical appearance of the “beads on a string” pattern of tumor growth (arrrowheads); D: Axial bone window high resolution computer tomography of the temporal bone demonstrating a large FNS of the mastoid segment causing erosion of both the bony ear canal (arrowhead) and the posterior fossa plate. MRI: Magnetic resonance imaging; FNS: Facial nerve schwannoma; HB: House-Brackmann.
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Figure 3  Intraoperative photograph of a left subtemporal/middle cranial fossa approach to the facial nerve. The middle fossa approach to the internal auditory canal is appropriate for decompression of the bony canal surrounding the nerve. Access to the upper tympanic segment (proximal to the cochleariform process) is achievable via this approach. 1Geniculate ganglion. Solid line represents the entrance of the bony facial canal; Solid black arrow: Blue-line of superior semicircular canal; Black arrowhead: Fundus of the internal auditory canal decompressed; White arrow: Labyrinthine segment; White arrowhead: Tympanic segment.
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Table 1  The House-Brackmann Scale of facial nerve function (adapted from Ref. [8])


Grade


�
Description


�
Gross function


�
Resting appearance


�
Dynamic appearance


�
�
1


�
Normal


�
Normal


�
Normal


�
Normal


�
�
2


�
Mild dysfunction


�
Slight weakness with effort, may have mild synkinesis


�
Normal


�
Mild oral and forehead asymmetry; complete eye closure with minimal effort


�
�
3


�
Moderate dysfunction


�
Obvious asymmetry with movement, noticeable synkinesis or contracture


�
Normal


�
Mild oral asymmetry, complete eye closure with effort, slight forehead movement


�
�
4


�
Moderately severe dysfunction


�
Obvious asymmetry, disfiguring asymmetry


�
Normal


�
Asymmetrical mouth, incomplete eye closure, no forehead movement


�
�
5


�
Severe dysfunction


�
Barely perceptible movement


�
Asymmetric


�
Slight oral/nasal movement with effort, incomplete eye closure


�
�
6


�
Flaccid paralysis


�
None


�
Asymmetric


�
No movement


�
�
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