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Objective: Intracanalicular meningiomas are extremely rare,
and only 36 cases have been reported to date. The aim of this
study is to describe the clinical, radiologic, and histopathologic
features of 13 intracanalicular meningiomas highlighting
important aspects of tumor diagnosis and treatment.
Study Design: Retrospective study.
Setting: Quaternary referral otology and cranial base private
center.
Patients: Thirteen consecutive patients with pathologically
confirmed intracanalicular meningioma surgically treated
between December 1988 and July 2006. The follow-up of
the series ranged from 13 to 60 months.
Interventions: Nine patients with unserviceable hearing were
operated on through the translabyrinthine approach. Four
patients underwent enlarged middle cranial fossa approach
with the intention of preserving their hearing.
Results: Total tumor removal was achieved in all cases. The

postoperative facial nerve function was either excellent or
good (House-Brackmann Grade I or II) in 10 cases (77%)
and acceptable (Grade III) in one case. Two patients with
preoperative facial paresis showed no improvement in their
facial nerve function. In patients who underwent surgery via
the enlarged middle cranial fossa, hearing was preserved at the
preoperative level in two cases, but serviceable hearing was
lost in the remaining two.
Conclusion: Primary meningiomas of the internal auditory
canal are extremely rare. On account of a lack of specific
symptoms and the limited diagnostic findings, preoperative
diagnosis of intracanalicular meningioma still represents a
diagnostic challenge. Intraoperative findings may help in dif-
ferentiating meningiomas from other intracanalicular lesions.
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Meningiomas account for approximately 20% of all
intracranial neoplasms and represent the second most
common tumor of the cerebellopontine angle (CPA)
after vestibular schwannoma (VS), constituting 3 to
12% of all neoplasms at this site (1Y4). Today, with
the use of magnetic resonance imaging (MRI) with
gadolinium and the increased awareness of otolaryn-
gologists, more cases of small and intracanalicular tumors
are discovered. However, the occurrence of a menin-
gioma within the internal auditory canal (IAC) remains
exceedingly rare. The first reported case of a histologi-
cally proven IAC meningioma was by Virchow in 1863,
as stated by Harvey Cushing (5). A century later, Singh
et al. (6) described the second case of intracanalicular
meningioma in a patient with preoperative facial palsy

and hearing loss. Since then, 34 additional histologically
confirmed cases of intracanalicular meningioma have
been reported in association with the literature as single
cases or sometimes in small series (6Y24).

The aim of this study is to highlight the clinical, radio-
logic, and histologic features, as well as the management
and follow-up of 13 cases of intracanalicular menin-
gioma, and to relate our findings to those reported in
association with the literature. This is the largest series
of intracanalicular meningiomas currently reported in
association with the literature.

METHODS

A retrospective analysis of all patients with CPA tumors
managed at the Gruppo Otologico Piacenza-Rome between
December 1988 and July 2006 was performed. Of 1,738
CPA tumors, 139 were posterior fossa meningiomas, 13
(9.3%) of which were meningiomas of the IAC and the sub-
jects of this study. All patients underwent a complete otologic
and neurologic examination and hearing assessment by pure-
tone audiometry, speech discrimination score (SDS), and
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auditory brainstem response audiometry. All patients under-
went either gadolinium-enhanced magnetic resonance imaging
and high-resolution computed tomography without contrast
administration. The magnetic resonance images were reviewed
by a single neuroradiologist for mass location with respect to
the IAC and CPA, signal intensity of the lesions, type of
contrast enhancement, and the presence of bony and dural
changes. Computed tomographic scans were obtained for ana-
lysis of bony changes at the level of the IAC and labyrinthine
structures. The preoperative and postoperative facial nerve
(FN) function was graded according to the House-Brackmann
scale (25). Hearing results were evaluated according to both
the guidelines of the American Academy of OtolaryngologyY
Head and Neck Surgery (26) and the modified Sanna clas-
sification (Table 1) (27). Pure-tone average was calculated
as the mean of 500, 1,000, 2,000, and 4,000 thresholds.
The extent of tumor removal was classified according to the
Simpson scale (Table 2) (28). All tumors were graded patho-
logically according to the World Health Organization 1993
classification system (29). The follow-up (consisting of clini-
cal evaluation, hearing tests, and serial computed tomographic
and MRI scans) of the series ranged from 13 to 60 months
(mean, 20.8 T 13.6 mo).

RESULTS

Demographic and Clinical Features
The data from the records of 13 consecutive patients

with pathologically confirmed IAC meningiomas treated
surgically by the senior author (M.S.) formed the basis of
this study. Two of the patients in this study had been
previously reported (16). No patient had evidence of neu-
rofibromatosis Type II. There were nine female and four
male cases. Mean age at surgery was 44.8 years, with a
range from 26 to 75 years. Eight (61.5%) tumors were on
the right side, and five (38.5%) were on the left side. The
mean time between the onset of symptoms and the diag-
nosis was 31 months (range, 7Y96 mo). The most com-
mon symptoms at the time of presentation included
hearing loss (84.6%), tinnitus (69.2%), unsteadiness
(46%), vertigo (38.4% of cases), aural fullness (15.3%),
FN paresis (23%), and hemifacial spasm (7.6%). Twelve
patients had a combination of two or more symptoms at
the time of diagnosis, whereas the remaining patient pre-
sented only one complaint (i.e., vertigo). Relevant infor-
mation on the subjects is provided in Table 3.

Radiologic Findings
In nine patients, the tumors were confined to the IAC

with no measurable extension into the CPA, and in four
patients, a limited extrameatal portion between 0.2 and
0.5 mm was recorded. Magnetic resonance imaging
findings of tumors revealed all lesions isointense on
T1-weighted images and isointense to slightly hypo-
intense on T2-weighted images. Magnetic resonance
T1-weighted images with gadolinium demonstrated
homogeneous and intense enhancement in all cases.
Bony and dural changes were absent. Labyrinthine
bone invasion was not detected in any of the cases.

Treatment and Outcomes
Nine patients with nonserviceable hearing were oper-

ated on through the translabyrinthine approach. Four
patients with preoperative serviceable hearing (Cases
4, 6, 7, and 10) had hearing-preserving surgery via the
enlarged middle cranial fossa approach. Hearing was
preserved at the preoperative level (Class A) in two
patients, whereas serviceable hearing was lost in the
other two cases. Before the operation, 11 of the 13
patients presented with Grade I FN function, one with
Grade II, and the remaining one with Grade III. The FN
was anatomically preserved in all cases. Facial nerve
results are detailed in Table 4. Good FN function
(Grades I and II) was achieved in 77% of cases, whereas
acceptable function (Grade III) was achieved in 23% of
cases 1 year after tumor removal. The two patients with
preoperative facial paresis showed no improvement in
their FN function. Otherwise, there were no complica-
tions in this series. Total tumor removal (Simpson
Grades I and II) was achieved in all cases. The histolo-
gic examination of the tumors revealed the following
subtypes: meningioendothelial (five cases), transitional
(four cases), angiomatous (three cases), and fibroblastic
(one case). To date, no recurrence or residual tumors
have been observed at neuroradiologic controls.

DISCUSSION

Meningiomas are firm, thinly encapsulated, slow-
growing benign tumors with a tendency to invade dura
and infiltrate bone. They arise from the arachnoid villi,
which are predominantly found along the sigmoid
sinus, superior and inferior petrosal sinuses, torcular

TABLE 1. Modified Sanna classification for reporting
hearing results (27)

Class PTA (dB) SDS (%)

A 0Y20 100Y80
B 21Y30 79Y70
C 31Y40 69Y60
D 41Y60 59Y50
E 61Y80 49Y40
F Q81 39Y0

PTA indicates pure-tone average; SDS, speech discrimination score.

TABLE 2. Classification of tumor resection according
to Simpson’s grading (28)

Grade

I Total resection of the tumor with excision of its dural
and bony attachment

II Total resection t of the tumor and coagulation
of its dural attachment

III Total tumor resection without resection or coagulation
of its dural attachment and its extradural extension
(e.g., infiltrated sinus or bone)

IV Subtotal tumor resection
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herophili, and jugular foramen. It is presumed that intra-
canalicular meningiomas may arise from arachnoid
granulations situated along the dural lining of the neural
foramina (30).

Castellano and Ruggiero (31) classified posterior
fossa meningiomas according to their site of dural
implant into five groups: cerebellar convexity, tentor-
ium, posterior surface of the petrous bone, clivus, and
foramen magnum. Desgeorges et al. (32) adopted this
classification and further subdivided posterior petrous
meningiomas based on the exact site of implant in rela-
tion to the IAC and labyrinth. They designated menin-
giomas located anterior to the IAC, tumors centered on
the IAC, and tumors located posterior to the IAC. Dif-
ferent combinations of the above are common. Pure
intracanalicular meningiomas are not considered in the
classifications as separate entities because they are very
rarely encountered.

Meningiomas usually spare the soft tissues as they
grow, only to encircle the nerves and the vessels they
encounter (16). Their clinical manifestations, therefore,
are caused by compression of adjacent neural structures
rather than parenchymal involvement (4,23). This pecu-
liarity of meningiomas enables them to be asymptomatic
while they grow in size in areas with ample space such
as the CPA. However, in the face of an intracanalicular
meningioma, the tumor tends to become symptomatic
early in its course, possibly because of two factors:
first, there is limited space available for the sessile
growth of the tumor, and second, the propensity of a
meningioma to invade the labyrinthine bone with resul-
tant FN and/or inner ear dysfunction (16).

On the basis of a compilation of the English literature
(Table 5) and present series, intracanalicular meningio-
mas occur more frequently in women (male-to-female
ratio, 1:1.6). The usual age of initial presentation ranges
between 14 and 75 years, with a mean age of 49.5 T 12.2
years. Clinically, the symptoms caused by intracanalicu-
lar meningiomas replicate those of the much more com-
mon VSs, with hearing loss ranging from mild to total
being the most common presenting symptom (85.4%)

along with tinnitus (54%), vertigo (33.3%), unsteadiness
(20.8%), and aural fullness (8.3%). Although less fre-
quent, FN dysfunction may also be an early symptom of
intracanalicular meningioma and seems more common
with meningiomas than with VSs. Including our cases,
20.8% had FN symptoms preoperatively; 16.6% pre-
sented with facial weakness and 4% with hemifacial
spasms.

The biggest issue regarding intracanalicular menin-
gioma is the diagnostic difficulty in distinguishing
these tumors from VSs preoperatively. Other less com-
mon tumors in the IAC differential diagnosis include
hemangioma, epidermoid, facial schwannoma, lipoma,
and metastasis.

Meningiomas of the CPA can usually be differen-
tiated from VSs on MRI. Unlike VSs, most CPA menin-
giomas topographically originate from the posterior
surface of the petrous bone anteriorly or posteriorly to
the IAC, and they are large, sessile, and with a broad
base of attachment along the posterior petrous surface.
Computed tomographic images may visualize areas of
hyperostosis of the adjacent bone and intratumoral cal-
cification. On MRI, VS and meningioma appear isoin-
tense or slightly hypointense on T1-weighted images.
On T2-weighted images, VSs are usually hyperintense,
while meningiomas more often appear isointense and
very rarely slightly hyperintense (16,33,34). Meningio-
mas can be distinguished from schwannoma also by the
presence of irregular borders and because they enhance
more intensely with gadolinium. In addition, the fre-
quently encountered Bdura tail^ sign after gadolinium
administration is more frequently associated with menin-
gioma. However, these characteristic features in pure
intracanalicular meningiomas are difficult to record.

On the basis of the extension pattern, masses of the
IAC can be classified as 1) purely intracanalicular; 2)
intracanalicular with CPA extension; 3) intracanalicular
with invasion of the surrounding bone; and 4) intraca-
nalicular with both CPA extension and invasion of the
surrounding bone. Although it is extremely difficult to
differentiate meningiomas from VSs of the purely intra-
canalicular type (Fig. 1A and B), some extension pat-
terns may provide information for a correct diagnosis.
Cerebellopontine angle extension of small intracanalicular
meningiomas usually has a broad base (Fig. 2A and B),
whereas in VSs, a spherical shape (ice cream appear-
ance) is often detected. A broad-based extension of the
tumor into the CPA was observed in four cases of our
series. Asaoka et al. (21) retrospectively noticed some
radiologic findings that should give rise to suspicion of
intracanalicular meningioma such as intracanalicular
dural enhancement in the coronal section of contrast-
enhanced MR images. The same authors noticed that
the dilation of the IAC is a more common radiologic
finding with VSs, whereas the presence of bone invasion
around the IAC is suggestive of meningioma.

In fact, meningiomas can invade the labyrinth and the
cochlea and infiltrate into surrounding petrous bone
marrow spaces and air cells. Meningiomas show a

TABLE 4. Preoperative, immediate postoperative, and final
facial nerve function according to the House-Brackmann

Scale (25)

Patient Preoperative Immediately postoperative Follow-up

1 I I I
2 I I I
3 I VI I
4 I VI II
5 III VI III
6 II II II
7 I I I
8 I II I
9 I I I

10 I III III
11 I II I
12 I VI III
13 I III I
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marked tendency to invade dura and lateral portions of
the temporal bone through the lateral end of the IAC
(8,30). Nager and Masica (30) described the tendency
of meningiomas to penetrate along the vestibulocochlear
nerve fibers into the cochlea, vestibule, and semicircular
canals. This phenomenon has been also described by
Brookler et al. (7), who reported the case of an intraca-
nalicular meningioma located at the fundus of the IAC,
which invaded the vestibule and the ampulla of the pos-
terior semicircular canal. At a later date, Ishikawa et al.
(14) described a meningioma of the IAC with extension
into the vestibule. Because of a lack of specific symp-
toms and the limited diagnostic findings, preoperative
diagnosis of intracanalicular meningioma still represent
a diagnostic challenge. In fact, approximately 90% of
the reported cases of intracanalicular meningiomas,
including those of our series, were preoperatively sus-
pected to be VSs.

The primary goal of surgical treatment of intracana-
licular meningiomas should be to achieve safe and total
tumor removal (Simpson Grade I or II) with preserva-
tion of FN function and conservation of serviceable
hearing whenever possible. As a less invasive alternative
to surgical excision, stereotactic radiosurgery has been

reported to be an effective therapy to control intracranial
meningiomas (35,36). All the patients in our series were
informed of the risks and benefits of surgical excision,
stereotactic radiosurgery, or observation with serial
imaging.

The possible surgical alternatives for intracanalicular
meningiomas include the retrosigmoid approach, the
middle fossa approach, or the translabyrinthine approach,
depending on the presence of serviceable preoperative
hearing, tumor location within the IAC, and surgeon’s
preference. Most patients reported in association with the
literature were surgically managed either with the trans-
labyrinthine approach (13 cases) or the retrosigmoid
approach (13 cases); the middle cranial fossa approach
was used in 8 patients. The patient reported by Singh
et al. (6) underwent a initial surgery by using the middle
cranial fossa approach; a transmastoid approach was then
used to remove a residual tumor. In one of the two
patients reported by Magliulo et al. (22), a combined
retrosigmoid-translabyrinthine approach was adopted.

In cases with preoperative unserviceable hearing and
in elderly patients or patients with bad general condi-
tion, we aimed for minimal cerebellar retraction and a
faster procedure, with the enlarged translabyrinthine
approach being our chosen route. In cases with good
preoperative hearing level, we used the enlarged mid-
dle cranial fossa approach. This approach provides

FIG. 2. Axial (A) and coronal (B) MR T1-weighted images with
gadolinium showing an intracanalicular mass slightly extending to
the cerebellopontine angle. A preoperative diagnosis of intraca-
nalicular meningioma was suspected on the basis of the broad
base shape of the CPA portion of the tumor [Case 5].

FIG. 1. Axial (A) and coronal (B) MR T1-weighted images with
gadolinium showing a small intracanalicular mass located at the
fundus of the internal auditory canal [Case 6]. Magnetic reso-
nance imaging appearance was highly suggestive of an intraca-
nalicular vestibular schwannoma. At surgery, a soft friable and
hypervascular mass was detected, and the neoplasm was histo-
logically proven to be a meningioma.
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extradural access to the entire IAC so that even laterally
placed tumors can be safely removed. The disadvantage
of the enlarged middle cranial fossa approach is that the
FN may lie between the tumor and the surgeon so that
increased manipulation of FN may result. We did not
use the retrosigmoid approach because it does not
entirely expose the dura and the lateral compartment
of the IAC. It must not be forgotten that leaving the
dura behind increases the risk of recurrence. Intraopera-
tively, a meningioma may be suspected in view of unu-
sual features, including bone invasion, soft and friable
mass with high vascularity, posteriorly displaced FN,
and strong adherence to the facial and vestibulocochlear
nerves. The diagnosis of intracanalicular meningiomas
in our cases was suspected intraoperatively and later
confirmed histologically in seven (53.8%) cases. When
preoperative or at least intraoperative suspicion arises
with respect to the mass being an intracanalicular
meningioma, surgical removal of the tumor requires spe-
cial consideration.

The dura surrounding the tumor should be resected
with sufficient margins to obtain Simpson Grade I of
meningioma removal and reduce the chance of recur-
rence because this dura is usually infiltrated by tumor.
In cases of bony invasion, these areas require drilling
until normal bone is observed. When faced with VSs,
the position of the FN is generally predictable, with the
nerve displaced anteriorly and medially. Variability at the
site of origin of a meningioma within the IAC may alter
the location of the FN, which may be displaced poster-
iorly (4,8,16,23,24). An intracanalicular meningioma
may also be firmly adherent to the facial and/or vestibu-
locochlear nerves, which may require meticulous sharp
dissection. In the present study, the FN was displaced
posteriorly (between the surgeon and the tumor) in two
cases (15.3%). Tenacious adherences between the tumor
and the facial-vestibulocochlear nerve complex were
found in 46.1% (six] of our cases. Similar observations
have been described in other series (6,16,17,21Y24). A
postoperative deterioration of FN function was observed
in three patients (23%) in the present series and in 28.5%
of the cases reported in association with the literature.

The review of the literature revealed 20 hearing-
preserving operations. Detailed data on hearing results
were not available in most of the studies. Furthermore,
comparison of hearing outcomes in different series is
difficult to achieve because various hearing classification
systems have been used in each report. However, service-
able hearing (PTA e 40 dB and SDS Q 60%) was pre-
served in approximately 14% of patients who were
operated on with the intention of preserving hearing
(4,15,18,22,23). In our series, hearing was preserved in
two of the four patients in which hearing preservation was
attempted. Examination of the literature demonstrated
that complete resection was possible in 91.6% of cases.

Only two subtotal tumor removals (9,10) and one
recurrence (7) have been reported until now; thus, a
radiologic follow-up can be scheduled after 1, 3, and 5
years in a fashion similar to that adopted for VSs.

CONCLUSION

Although uncommon, meningiomas should always be
considered in the differential diagnosis of intracanalicular
tumors. Despite the advances in radiologic imaging, differ-
entiation of tumor types for small intracanalicular lesions
remains difficult on account of the small number of differ-
entiating features. Intraoperative findings may help in dif-
ferentiating meningiomas from more common VSs. Total
removal with resection of the dura and bone should be accu-
rately accomplished to reduce the chance of recurrence.
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