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The Many Faces of Facial Nerve Schwannoma

BACKGROUND AND PURPOSE: The imaging appearance of facial nerve schwannomas (FNSs) has been
described as an enhancing tubular mass (using T1-enhanced MR) within an enlarged facial nerve canal
(using CT). The purpose of this study is to identify how often the FNS imaging findings conform to this
description and determine whether there are underlying anatomic explanations for the discrepant
imaging appearances identified.

MATERIALS AND METHODS: The clinical, pathologic, and radiologic records of 24 FNS in 23 patients
were retrospectively reviewed. Each FNS was evaluated for location along the facial nerve. The lesions
were cataloged by facial nerve segment with the imaging characteristics of each segment described.

RESULTS: The average age at time of first imaging was 39 years (age range, 10-70 years). Eighteen
(71%) of the 24 FNSs were pathologically confirmed, while the others were determined intraopera-
tively or diagnostically by the presence of both enlargement of the facial nerve canal and enhancement
on contrast-enhanced T1 MR examination. The most common location was in the geniculate fossa
(83%), followed by the labyrinthine and tympanic segments of the facial nerve (both 54%). The most
common clinical presentation was facial neuropathy (42%).

CONCLUSION: The classic description of FNS on enhanced T1 MR is that of a well-circumscribed
fusiform enhancing mass along the course of the intratemporal facial nerve with bone algorithm CT
showing sharply defined bony canal enlargement. Modern imaging technigues, however, demonstrate
the importance of the surrounding anatomic landscape, leading to various imaging appearances.
Lesions traversing the labyrinthine segment can demonstrate a dumbbell appearance. When FNSs
track along the greater superficial petrosal nerve, they may present as a round mass projecting up into
the middle cranial fossa. FNS of the tympanic segment of the facial nerve preferentially pedunculate
into the middle ear cavity, clinically presenting as a middle ear mass. When the mastoid segment of
the facial nerve is involved, irregular and “invasive” tumor margins seen on MR can be explained on

Facial nerve schwannomas (FNSs) are rare lesions that can
arise anywhere along the course of the facial nerve, from its
origin in the cerebellopontine angle to its extracranial ramifi-
cations in the parotid space of the extracranial head and
neck."? The lack of a large radiologic series of these lesions has
resulted in a uniform imaging description of an enhancing
tubular mass (using MR imaging) in a smoothly enlarged fa-
cial nerve canal (using CT).? This retrospective review of the
clinical and radiologic records of 24 FNSs was undertaken to
determine whether this classic radiologic description accu-
rately applies to all FNSs.

Although the classic description of FNS was identified, 5
additional distinct imaging appearances were seen along the
course of the facial nerve. Cerebellopontine angle-internal au-
ditory canal (CPA-IAC) FNSs were indistinguishable from
acoustic schwannomas if they did not enter the labyrinthine
segment of the facial nerve canal. FNSs centered in the genic-
ulate fossa most commonly conformed to the classic tubular
description of the lesion or were seen as round masses enlarg-
ing only the fossa itself. When a FNS extended along the
greater superficial petrosal nerve, a round middle cranial fossa
extra-axial mass was seen. A tympanic segment FNS often lob-
ulated into the middle ear cavity, losing its tubular configura-
tion. Finally, a mastoid segment FNS could break into adjacent
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CT as tumor breaking into surrounding mastoid air cells.

mastoid air cells, thereby appearing as an aggressive tumor,
especially on MR imaging.

Materials and Methods

The clinical and pathologic records and imaging studies of 23 patients
with 24 FNSs within the temporal bone were retrospectively reviewed.
One patient presented with bilateral lesions and had a known history
of neurofibromatosis type II. Seventeen (71%) of these 24 lesions
were pathologically confirmed, while the others were determined in-
traoperatively or diagnostically by the presence of both enlargement
of the facial nerve canal and enhancement on contrast-enhanced MR
imaging examinations. The imaging examinations were collected
from 1986 to 2000 and consisted of CT (18 studies; 75%), MR imag-
ing (17 studies; 77%), and high-resolution MR imaging with thin
sections through the temporal bones (11 cases; 46%). In 12 cases, both
CT and MR imaging were performed.

The involved portions of the facial nerve by these lesions were
divided into the following 8 segments: cerebellopontine angle cistern
segment, internal auditory canal segment, labyrinthine segment,
geniculate fossa, greater superficial petrosal nerve involvement, tym-
panic segment, mastoid segment, and extracranial segment.

Results

Table 1 lists the location of the FNSs and basic clinical data of
the cases. The average age at time of imaging was 39 years
(range, 10 -70), with 17 (71%) of the patients between 30 and
63 years of age. A slight male predominance (14 of 24 cases;
58%) was observed. Two of the patients (3 lesions) had a
known history of neurofibromatosis type II. Twenty-one of
the 24 lesions (88%) in this series involved at least 2 contigu-



Fig 1. Axial T2-weighted MR imaging at the level of the internal auditory canals,
demonstrating a large, homogeneous mass filling the right internal auditory canal and
extending into the cerebellopontine angle (between white arrows). From Wiggins and
Harnsberger (2001). Used with permission.

ous segments of the facial nerve, while 17 lesions (71%) in-
volved at least 3 contiguous segments.

The most common clinical presentation was peripheral fa-
cial nerve neuropathy (10 cases; 42%), and this dysfunction
may encompass weakness, focal twitch, and/or full hemifacial
spasm. Other clinical findings included sensorineural hearing
loss in 7 cases (29%), conductive hearing loss in 4 cases (17%),
clinical presentation with a middle ear mass in 3 cases (13%),
and vestibular findings in 3 cases (13%)—these vestibular
symptoms were not convincingly attributable to the facial
nerve.

The involved portions of the facial nerve included the fol-
lowing 7 segments: cerebellopontine angle-internal auditory
canal (12 lesions; 50%), labyrinthine (13; 54%), geniculate
fossa (20; 83%), greater superficial petrosal nerve (6; 25%),
tympanic (13; 54%), and mastoid (8; 33%)).

Of the 12 cases involving the CPA-IAC segment, 11 (92%)
also had extension into the labyrinthine segment, and 10
(83%) cases continued into the geniculate fossa (Figs 1 and 2).
Four (33%) cases had continued extension into the tympanic
segment of the facial nerve. Most of these cases (6; 50%) pre-
sented with sensorineural hearing loss, whereas only 4 (33%)
presented with facial nerve neuropathy. Five (42%) cases were
misdiagnosed preoperatively as an acoustic schwannoma.

Of the 13 cases involving the labyrinthine segment, 11
(85%) of the lesions included extension into the internal au-
ditory canal, and 12 (92%) of the lesions extended into the
geniculate fossa (Fig 3). Six (46%) cases presented with a com-
ponent of facial nerve neuropathy, whereas 5 (36%) presented
with sensorineural hearing loss and one (8%) case described
vestibular symptoms.

Twenty of the 24 lesions involved the geniculate fossa.
Twelve (60%) of these lesions extended proximally into the
labyrinthine segment, and an equal number of the lesions had
distal extension into the tympanic segment (Fig 4). Six (30%)
cases included extension along the greater superficial petrosal
nerve. This group of cases demonstrated a variety of clinical
presentations, with 9 (45%) patients originally complaining of
a component of facial nerve neuropathy, 5 (25%) with senso-

rineural hearing loss, and 3 (15%) patients presenting with
either conductive hearing loss or vestibular symptoms.

All 6 (100%) of the lesions with involvement of the greater
superficial petrosal nerve included geniculate fossa involve-
ment, but only 3 (50%) demonstrated extension along the
proximal labyrinthine or distal tympanic segment. Two (33%)
cases presented with the predominant imaging finding of a
middle cranial fossa mass (Fig 5). There was no clinical pre-
dominant presentation in the lesions, with 2 (33%) presenting
with both facial nerve neuropathy and conductive hearing
loss, whereas one (17%) case presented with sensorineural
hearing loss and one (17%) with vestibular findings.

Of the 13 cases involving the tympanic segment, 12 (92%)
of the lesions included proximal involvement of the geniculate
fossa, but only 7 (54%) involved the mastoid segment distal to
the posterior genu of the facial nerve course (Figs 6 and 7).
These cases most often presented with a component of facial
nerve neuropathy (6 cases; 46%), while 3 (23%) of the patients
presented with a middle ear mass.

Seven (86%) of the 8 cases collected that included involve-
ment of the mastoid, or descending, segment of the facial
nerve course (Figs 8 and 9) included proximal involvement of
the tympanic segment, and 2 (13%) of the lesions extended
through the stylomastoid foramen to include extratemporal
extension.

Discussion

ENSs are classically described on T1-enhanced MR as a well-
circumscribed fusiform enhancing masses along the course of
the intratemporal facial nerve.>> Bone algorithm CT exami-
nations are said to demonstrate sharply defined bony canal
enlargement. Modern MR and CT imaging techniques with
thinner sections through the temporal bones demonstrate
greater detail of the imaging features of FNS and increase the
number of lesions diagnosed. This refinement in the classic
“one-size-fits-all” imaging description of FNSs no longer suf-
fices to guide the radiologist’s interpretation of these lesions,
as our improved imaging abilities now show the effect of the
surrounding anatomic landscape on these lesions. This review
of a relatively large number of these lesions demonstrates how
the FNS imaging appearance is defined by the particular intra-
temporal region involved.

The wide variety of symptoms can signal the presence of a
FNS including facial nerve paralysis, sensorineural hearing
loss, and conductive hearingloss. Symptoms are highly depen-
dent on the location of this lesion in the temporal bone. This
range of symptoms makes FNSs difficult to diagnose preoper-
atively without radiologic examination. These lesions will usu-
ally expand along the path of least resistance and can remain
asymptomatic until large without clinically presenting with
facial nerve dysfunction.” Fine-needle aspiration may not be
useful for the definitive diagnosis, so the preoperative sugges-
tion of this diagnosis can greatly affect the patient’s manage-
ment.* Early diagnoses positively affects patient outcome, be-
cause smaller lesions are more readily removed with successful
facial nerve repair.

Schwannomas in any location in the human body charac-
teristically demonstrate homogeneously or heterogeneously
enhancing soft tissue attenuation that is isoattenuated to gray
matter on contrast-enhanced CT and may contain cystic foci.”
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Fig 3. Axial bone algorithm CT image demonstrating focal enlargement of the labyrinthine
segment of the facial nerve canal from a facial nerve schwannoma (between arrows). From
Wiggins and Harnsberger (2001). Used with permission.

In the temporal bone, bone algorithm CT examination of a
ENS will show benign-appearing bony scalloping and remod-
eling of surrounding bony boundaries. FNSs do not show true
“erosion” of the bony boundaries as was described in many
early reports,® ™ but they do demonstrate a more benign osse-
ous expansion of the surrounding anatomic landscape. MR
imaging can show heterogeneity within large FNSs and hyper-
intensity on T2-weighted series, with iso- to hypointensity rel-
ative to gray matter on T1-weighted images.”® Postcontrast-
enhanced MR images usually demonstrate homogeneous
enhancement. Larger FNSs can undergo a cystic degeneration
seen as focal intramural low signal intensity on contrast-en-
hanced T1 images.”

Three other differential considerations for the radiologist
evaluating intratemporal facial nerve lesions are cholestea-
toma, facial nerve hemangioma, and perineural parotid ma-
lignancy.” In all 3, CT shows enlargement of the intratemporal
facial nerve canal. Congenital or invasive acquired cholestea-
toma that involve the facial nerve canal do not enhance on
postcontrast-enhanced T1 MR, easily distinguishing them-
selves from FNS. Facial nerve hemangioma involve both the
facial nerve canal and adjacent bone, with more aggressive
bony changes seen as irregular margins and/or a “moth-eaten”
appearance. When an internal calcified honeycomb matrix is
present (50%), ossifying hemangioma is quite distinctive.® Pa-
rotid malignancy with perineural spread can be seen extending
cephalad from an intraparotid invasive mass from distal to
proximal along an enlarged facial nerve canal.®

FNSs are often discovered in patients presenting with only
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Fig 2. Axial images demonstrating focal enlargement of the
labyrinthine segment of the facial nerve on the axial bone
algorithm CT (left), and a homogeneously enhancing mass
filling the internal auditory canal with extension into the
cerebellopontine angle and labyrinthine segment on the axial
T1-weighted postcontrast-enhanced MR image from a similar
level (right). These images are from the same case as in Fig
1, and the patient was misdiagnosed preoperatively because
of failure to note the enhancement and enlargement along
the labyrinthine segment into the geniculate fossa (arrows).
From Wiggins and Harnsberger (2001). Used with permission.

minor facial nerve symptoms, frequently dismissed at the clin-
ical level as an idiopathic Bell’s palsy.'®'! T1-enhanced MR
imaging commonly shows intratemporal facial nerve en-
hancement of all or part of the facial nerve along with a “tuft”
of enhancement in the fundus of the internal auditory canal in
patients with Bell’s palsy. CT, however, does not show enlarge-
ment of the facial nerve canal in Bell’s palsy.® The normal size
of the bony facial nerve canal is also used to distinguish normal
facial nerve enhancement from a FNS. The prominent cir-
cumneural arteriovenous plexus surrounding the facial nerve
causes segmental facial nerve enhancement distal to the laby-
rinthine segment in 75% of thin-section, focused T1-en-
hanced MR images.'>"?

FNSs involving the CPA-IAC facial nerve segments can be
indistinguishable from acoustic schwannomas if no extension
into the labyrinthine segment of the facial nerve is present.”'*
Consequently, it is imperative that all cases of newly diagnosed
acoustic schwannoma be inspected for a “labyrinthine tail”
that identifies them as a FNS. It is important to remember that
the presenting symptom will not always suggest these lesions.
Half of the cases in this series presented with sensorineural
hearing loss, whereas only a third presented with a component
of facial nerve paralysis. It is not surprising that half of these
cases were misdiagnosed preoperatively.

When extensive, a CPA-IAC FNS can present with an
unusual but distinctive imaging appearance, a “dumbbell”
shape due to extension from the IAC fundus through the
labyrinthine segment and into the geniculate fossa.'” This
configuration along with T1 MR enhancement and sharply
scalloped, or fusiform, enlargement of the facial nerve canal
is diagnostic of a ENS. This dumbbell FNS must be distin-
guished from the transmodiolar acoustic schwannoma.
This is done by identifying extension into the cochlea in a
transmodiolar schwannoma.'?

Lesions involving the geniculate fossa primarily, or extend-
ing along the greater superficial petrosal nerve, can present
with a middle cranial fossa mass. When lesions of the middle
cranial fossa are determined to be extra-axial, inspection of the
skull base and temporal bone to rule out origination from the
geniculate ganglion or greater superficial petrosal nerve is rec-
ommended. Lesions arising from the geniculate ganglion will
have “bulbous” enlargement at the geniculate fossa itself. FNSs
emanating from the greater superficial petrosal nerve scallop
the anterior margin of the geniculate fossa and the adjacent
bony petrous apex.'*™"®

The tympanic segment of the facial nerve lacks the thick
surrounding bony architecture of the labyrinthine segment of



the facial nerve canal. FNSs involving this segment often do
not have fusiform morphology but instead are multilobular.
When they lobulate superiorly or medially, a fistula due to
erosion into the lateral semicircular canal may be seen. Infero-
lateral lobulation into the middle ear cavity causes lateral dis-
placement of the ossicles, possibly leading to a presentation of
conductive hearing loss. A retrotympanic avascular mass as-
sociated with conductive hearing loss may result.

The anatomic landscape explains the variation in imaging
appearance of FNS of the mastoid segment of the facial nerve.
The mastoid segment of the facial nerve is surrounded by frag-
ile, thin-walled septations separating the mastoid air cells.
When the mastoid segment of the facial nerve is involved,
irregular, “invasive” tumor margins may be seen on MR. CT
explains these margins by showing the FNS breaking into sur-
rounding mastoid air cells. When viewed without this ana-

Fig 4. Axial images from the same case of a facial nerve
schwannoma, demonstrating homogeneous enhancement of
the labyrinthine segment and geniculate fossa on the axial
T1-weighted postcontrast-enhanced MR imaging (/eft), and
focal enlargement of the corresponding geniculate fossa and
the labyrinthine segment of the facial nerve on the bone
algorithm CT (right), at a similar level (between arrows). From
Wiggins and Harnsberger (2001). Used with permission.

Fig 5. MR images demonstrating a large left middle cranial
fossa mass. The axial T2-weighted image (/eft), and sagittal
T1-weighted postcontrast image (right) show an extra-axial
lesion, with a visible CSF/vascular cleft and associated buck-
ling of the gray/white junction. The right image demonstrates
a focal bulbous portion of the large mass extending to the
geniculate fossa (between arrows), which was the origin of
this FNS. From Wiggins and Harnsberger (2001). Used with
permission.

Fig 6. Bone algorithm CT images from the same case,
demonstrating focal enlargement of the right tympanic seg-
ment, in the axial (/eft) and coronal (right) planes (at arrows).
From Wiggins and Harnsberger (2001). Used with permission.

tomic context, misdiagnosis as a facial nerve hemangioma or
other locally invasive mass results.

Surgical Considerations

The surgical management of facial schwannoma depends on
not only the size and anatomical location of the tumor, but
also the patient’s hearing status. A tumor proximal to the
geniculate ganglion with serviceable hearing should be ap-
proached through the middle cranial fossa provided the tumor
does not extend far into the cerebellopontine angle. If the tu-
mor is proximal to the midIAC with =1 cm of a CPA compo-
nent, an extended middle cranial fossa approach is best,
whereas a retrosigmoid approach gives the best chance of
hearing conservation in lesions with a CPA component >1
cm. With nonserviceable hearing, a translabyrinthine ap-
proach is the most direct route to the tumor and is the proce-
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dure of choice.”” ™' This approach also provides the best ac-
cess for facial nerve grafting. Involvement of the tympanic
segment can be reached by a transmastoid approach with fa-
cial recess opening. Mastoid segment tumor alone can be ex-
tirpated through the mastoid, whereas additional extratempo-
ral involvement may require following the nerve into the
parotid gland. These exposures may be used in combination
for tumors involving multiple nerve segments.

Timing of surgery is controversial. Many patients with facial
nerve tumors have normal or near-normal nerve function and
removal with grafting cannot lead to function better than House-
Brackmann grade I11.*' Results from grafting, however, are influ-
enced by the length of time of any preoperative facial dysfunction,
so early surgery may offer the best hope for good facial func-
tion.”>*' Moreover, labyrinthine fistula can develop from bony
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Fig 7. Two different cases of FNS, both coronal plane bone
algorithm CT images show significant enlargement of the
tympanic segment of the facial nerve with the case on the
left demonstrating extension of the lesion primarily superiorly
and medially, as well as extension into the cochlea, whereas
the lesion on the right shows extension primarily inferiorly
and laterally, displacing the ossicles, explaining this patient’s
presentation with conductive hearing loss and a middle ear
mass on clinical examination (at arrows). From Wiggins and
Harnsberger (2001). Used with permission.

Fig 8. Two axial images from the same case of a facial
nerve schwannoma involving the right mastoid segment of
the facial nerve canal. The axial T1-weighted postcontrast
MR image (/eft) shows homogeneous enhancement of the
mass (between arrows). The bone algorithm CT (right) at the
same level shows focal enlargement of the descending seg-
ment with extension toward the external auditory canal
(between arrows). From Wiggins and Harnsberger (2001).
Used with permission.

Fig 9. Two coronal views of the same case, demonstrating
the aggressive appearing imaging features of mastoid seg-
ment FNSs. The left coronal T1-weighted postcontrast-en-
hanced image shows homogeneous enhancement. The right
coronal bone algorithm CT study demonstrated an aggressive
appearing lesion, as the FNS erupts into the surrounding
thin-walled mastoid air cells of the same lesion (between
arrows). From Wiggins and Harnsberger (2001). Used with
permission.

erosion from the tumor and can lead to deafness and dizziness if
the tumor is neglected too long."”** Some authors recommend
following patients with small tumors and normal clinical func-
tion until they show >50% denervation on electrical testing of
the nerve to tackle these difficult issues.>

A further controversy involves reconstruction of the nerve.
Some authors have reported success with extirpation of the
tumor and preservation of nerve integrity,**> but this does
not guarantee good facial function. Primary anastomosis
without tension is rarely possible without mastoid segment
rerouting, which (when possible anatomically) may compro-
mise neural blood supply. Interposition grafting is usually per-
formed with the greater auricular or sural nerves, but any re-
habilitative technique that relies on the native facial muscles
becomes ineffective once severe atrophy has occurred. Al-



though a cranial nerve 12 to cranial nerve 7 anastamosis often
works after as much as a couple of years, long delays require
other strategies such as static or dynamic slings or serratus
microvascular techniques. Cranial nerve 12 to cranial nerve 7
anastomosis is usually indicated when there is no useful cra-
nial nerve VII stump at the brain stem.

Conclusion

The imaging appearance of facial nerve schwannoma is more
varied than originally described. The classic tubular enhancing
mass on T1 MR associated with smooth enlargement of the
facial nerve canal on CT is actually only seen in FNS localized
to the CPA-IAC or labyrinthine segments. More extensive
FNSs that extend from the CPA-IAC to the geniculate fossa
conform to a “dumbbell” shape. Geniculate ganglion and
greater superficial petrosal nerve FNSs can present as a middle
cranial fossa mass that may be misdiagnosed unless inspection
of the skull base and temporal bone is completed. Tympanic
segment FNSs are often multilobular, dehiscing into the mid-
dle ear to present as an avascular retrotympanic mass with
conductive hearing loss. Finally, mastoid segment FNSs can
appear on MR imaging as locally aggressive masses when they
break into the surrounding mastoid air cells.
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