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Abstract
This study explored the clinical, radiological, and pathological characteristics of cerebellopon-

tine angle (CPA) meningiomas with internal auditory canal (IAC) involvement. The pre- and

postoperative MR images of 193 consecutive patients with pathologically diagnosed meningi-

oma centered around the IAC were analyzed, focusing on changes in the IAC, maximal axial

tumor volume, peritumoral brain edema, and postoperative residual tumor. Patient age, sex,

tumor volume, postoperative residual tumor, and pathological subtype were compared in

patients with and without IAC involvement by the tumor and among the different types of IAC

involvement. The results showed that the 71 patients (36.8%) with IAC involvement had a

higher ratio of peritumoral edema (χ2=5.922, P=0.015), postoperative residual tumor

(χ2=22.183, P< 0.001), and a predominance of themeningothelial subtype (χ2=5.89,

P=0 .015). Peritumoral edemawas a risk factor for IAC involvement (P=0.016, OR=2.186).

Radiologically, IAC involvement could be distinguished as intruding (31%, 22/71), filled

(29.6%, 21/71), and dilated (39.4%, 28/71). Patients with intruding IAC were significantly older

(54.5±9.54 years, P=0.021) and had the lowest postoperative residual tumor values (42%,

χ2=7.865, P= 0.005), while those with filled IACwere more likely to be female (95%, χ2=9.404,

P=0.009).Our observations provide the basis for a morphological classification of IAC involve-

ment by CPAmeningiomas and further insight into the clinical features of these tumors.

Introduction
Meningiomas account for 26% of primary intracranial neoplasms[1]. Among intracranial menin-
giomas, 5%–10% are located in the cerebellopontine angle (CPA) [2, 3], thus comprising the sec-
ond most common tumors in this anatomic region [3]. Although enlargement and involvement
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of the internal auditory canal (IAC) is a common sign of schwannomas of the CPA [2, 4], these
features can also be seen in meningioma[5]. Meningiomal involvement of the IAC occurs in two
forms: meningioma truly originating in the IAC and meningioma extending into the IAC from
an adjacent location. While the first form is very rare, the second is relatively common [6–10].

The location of a CPA meningioma affects clinical outcome [11]. Patients with CPA menin-
giomas with IAC involvement often present with hearing loss and abnormal facial motor func-
tion. Resection of these tumors is compatible with hearing restoration [12]. Nonetheless, the
anatomical location and intimate relationship between meningiomas involving the IAC and
the cranial nerves are such that skilled surgical management is needed. Despite advances in
neurosurgery, the surgical procedure for CPA meningiomas involving the IAC remains chal-
lenging [11, 13].

Studies on CPA meningiomas with IAC involvement have focused, for example, on func-
tional preservation during surgery [8], the effects of radiotherapy [10], angiographic findings
[13], and skull-base bone involvement [4, 14]. However, the extent of IAC involvement of
these tumors, their morphological types, and their influence on tumor surgical resection have
hardly been evaluated. Therefore, in this study, we investigated the different radiological sub-
types of invasive meningioma involving the IAC and the amount of postoperative residual
tumor associated with each one in a cohort of 193 patients with CPA meningioma.

Materials and Methods
This retrospective study was reviewed by the Review Board of Beijing Tiantan Hospital, Capital
Medical University. The informed consent requirement was waived as the patients’ records/
information were anonymized and de-identified prior to the analysis.

Patients
A computerized search of the pathological database of our institute between June 1, 2010 and
November 7, 2013 was performed using the search terms “meningioma” and “CPA”, which
yielded 519 patients. The inclusion criteria were as follows: 1) pathological diagnosis of menin-
gioma after surgery; 2) MRI of the head before surgery; 3) detection on preoperative MRI of
the maximal transverse area of the tumor, either on the axial slice showing the widest inner
opening of IAC or on a closely adjacent slice; and 4) on the axial slice showing the maximal
tumor area, a distance of�1.5cm between the center of tumor’s lateral border and the inner
opening of the IAC. The exclusion criteria are shown in Fig 1. After the exclusion of 326 pa-
tients, 193 patients (mean age, 50.2yeras; range, 19–72 years) comprising 39 men (mean age,
50.4 years; range, 29–72 years) and 154 women (mean age, 50.1 years; range, 19–71 years) were
included in this study. The case accrual process is summarized in Fig 1.

MRI parameters
All preoperative MRI examinations were performed within seven days of surgery. The protocol
included unenhanced and enhanced sequences. The pre-contrast sequence consisted of axial
T1WI, T2WI, and sagittal T1WI. Once the pre-contrast imaging was completed, 0.2 mL of
gadopentetate dimeglumine (Magnevist; BayerHealthCare Pharmaceuticals, Wayne, NJ, USA)/
kg was injected manually into the patient’s antecubital vein by a registered nurse. Post-contrast
images, including the axial, sagittal, and coronal images, were obtained immediately after the
administration of contrast media. A Genesis Signa 3T scanner (GE Healthcare, Milwaukee,
WI, USA) was used to scan 88 patients. T1WI (TR/TE, 2031ms/19ms) and fast spin echo (FSE)
T2WI (TR/TE, 4900ms/116–123ms) sequences were obtained with a field of view (FOV) of
240mm and a 512×512 matrix. Another 3T superconducting MR scanner (Magnetom, Trio;
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Siemens, Erlangen, Germany) was used to image 45 patients. T1WI turbo inversion recovery
sequence (TR/TE, 2000ms/9.8ms) with a 512×432 matrix and T2WI turbo spin-echo sequence
(TR/TE, 4500ms/84ms) with a 384×324 matrix were obtained. In 24 patients, a 3T Siemens
Verio scanner was used to acquire T1WI dark fluid sequence (TR/TE, 2400ms/9.4ms) with a
512×496 matrix and T2WI sequence (TR/TE, 6000ms/97ms) with a 640×640 matrix. The re-
maining 36 patients were scanned on a 1.5T Signa HDe MR scanner (GE Healthcare). T1WI
(TR/TE, 2031.25ms/19.5ms) and T2WI (TR/TE, 4900ms/123.62ms) sequences with the same
FOV (240mm) and matrix (512×512) were obtained. For all 193 patients, the scanning section
thickness and gap were 5mm and 6mm, respectively. Postoperative MRI was done within
seven days postoperatively using the same scanning protocol.

MRI analysis and measurement
Peritumoral brain edema was defined as patchy hypointensity on T1WI images and hyperin-
tensity on T2WI images in the ipsilateral cerebellar hemisphere, vermis and/or brain stem, sur-
rounding the medial margin of the tumor.

Three types of IAC involvement were defined. In the intruding form, part of the tumor ex-
tended into the IAC such that it occupied a small part of the canal, with no enlargement of the
inner opening of IAC. In the filled form, all or a major part of the IAC was replaced by the
tumor but without expansion of the IAC. In the dilated form, the inner opening of the tumor-
occupied IAC was larger than on the contralateral normal side. A bilateral comparison of the

Fig 1. Flow chart of the patient cohort.

doi:10.1371/journal.pone.0122949.g001
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IACs was based on bilateral measurements (in mm) of the inner opening on axial T2WI slices
showing the largest IACs. The tumor volume was determined based on the maximal two-
dimensional area (mm2) on axial post-contrast images. Measurement of the inner opening of
the IAC and axial tumor volume were semi-automatically performed using the software Neu-
soft PACS/RIS version 3.1 (http://pacs.neusoft.com). The presence of residual tumor was re-
corded if, on postoperative MRI, the ipsilateral IAC was partly or fully filled by abnormal
signal intensity (with the same signal intensity as on preoperative pre- and post-contrast MRI).

IAC involvement, infratentorial peritumoral brain edema, and postoperative residual tumor
were independently confirmed by two radiologists (one with 22 years and the other with 18
years of experience) who also measured the inner opening of the IAC and the area of the
tumor. Both radiologists were blinded to each other’s findings and to the pathologic informa-
tion. Discrepancies regarding IAC involvement, peritumoral edema, and postoperative residual
tumor were resolved by consensus. The average tumor area was determined by the two observ-
ers and was considered as the final tumor volume in the statistical analysis.

Pathological diagnosis
The surgical specimen was processed to confirm a diagnosis of meningioma and then subjected
to immunohistochemistry to identify the pathological subtypes and malignant grades, accord-
ing to the 2007 World Health Organization (WHO) criteria [15].

Statistical analysis
The image data from the 193 patients was divided into four subsets according to the different
preoperative MR scanner used. Comparison among the four subsets were carried out using a
one-way analysis of variance (ANOVA) for patient age and the χ2 for patient sex and tumor
volume. Based on IAC involvement, the patients were then further divided into two groups:
those with IAC involvement (n = 71) and those without (n = 122). Patient age was compared
using the independent- sample t test; the sex of patient, peritumoral edema, postoperative re-
sidual tumor, and pathological subtype of the tumor were compared using the χ2 test. Be-
cause tumor volume data did not follow a normal distribution, they were analyzed using a
nonparametric two-independent-samples test. The 71 patients with IAC involvement were
then divided into three groups, according to the type of IAC invasion. Among the three
groups, patient age was compared using ANOVA; patient sex, peritumoral edema, postopera-
tive residual tumor, and pathological subtypes were compared using the χ2 test; and tumor
volume using a nonparametric K independent samples test. Binary logistic regression was
then used to test whether patient age, sex, tumor volume, peritumoral edema, or pathological
subtype were related to IAC involvement. Statistical analysis was done using commercial sta-
tistical software (SPSS 13.0, SPSS Inc, Chicago, IL, USA). A P value less than 0.05 was consid-
ered statistically significant.

Results
Among the 193 cases of meningiomas, 31.6% (61/193) were meningothelial, 22.8% (44/193)
were fibrous, 22.3% (43/193) were mixed, 8.8%(17/193) were transitional, 5.2%(10/193) were
angiomatous, 4.1%(8/193) were secretory, 1.6%(3/193) were chordoid, 1%(2/193) were clear
cell, and another 1%(2/193) were atypical. In three tumors (1.6%), no definite subtype could be
determined. Based on the WHO classification [15], the majority (94.8%, 183/193) of the tu-
mors were grade I whereas only 10 (5.2%) tumors were grades II and III.

In a comparison of the four subsets of patients with respect to the MR scanner, there was no
significant difference in patient age (P = 0.684) or sex (χ2 = 0.814, P = 0.846) or tumor volume
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(χ2 = 0.473, P = 0.925), indicating that the data were not biased because of the different MR
scanners. There were also no differences between patients with (37%, 71/193) and without IAC
involvement by CPA meningioma with respect to tumor volume (P = 0.898), patient age
(P = 0.452), and sex (χ2 = 1.844, P = 0.174). However, patients with IAC involvement had
more extensive peritumoral edema (χ2 = 5.922, P = 0.015) and postoperative residual tumor
(χ2 = 22.183, P< 0.001) and a predominance of the meningothelial subtype (χ2 = 5.89,
P = 0.015) (Table 1).

IAC involvement could be classified into three morphological subtypes, as described in Ma-
terials and Methods: intruding (31%, 22/71; Fig 2), filled (29.6%, 21/71; Fig 3), and dilated IAC
(39.4%, 28/71; Fig 4). Patients with these tumors differed with respect to age (P = 0.021), sex
(χ2 = 9.404, P = 0.009), and postoperative residual tumor (χ2 = 7.865, P = 0.005) (Table 2). Pa-
tients with the intruding form were significantly older than those with either the filled
(P = 0.01) or the dilated (P = 0.02) form. The female: male ratio was significantly higher in pa-
tients with filled IAC involvement than in those with intruding involvement (χ2 = 9.354,
P = 0.002). Logistic regression analysis showed that peritumoral edema was a risk factor for
IAC involvement (Table 3).

Discussion
Meningiomas are the most common primary intracranial tumor [16, 17]. They usually occur
in patients in the fifth decade of life, with a female predominance [11,18,19]. Pathologically,
80–90% of these tumors are benign (WHO Grade I) and the majority are the meningiothelial
subtype [20–22]. Consistent with these observations, in the 193 patients in our study, the mean
age was 50.2 years and most patients were female (n = 154). The majority (94.8%, 183/193) of
the tumors were grade I and the most common pathological subtype was meningothelial
(31.6%, 61/193). Meningiomas are generally described based on their anatomic origin (tentor-
ium, superior or inferior petrosal sinuses, petrous ridge dura, IAC, and jugular foramen), but
many share a common final location, the CPA, especially meningiomas arising in the posterior
fossa[6,23]. According to some authors, CPA meningiomas are mostly meningiomas arising
from the petroclival region [13]. In a previous study, CPA meningiomas were classified into
three groups, according to the relation of the tumor with respect to the IAC and labyrinth: me-
ningiomas located anterior to the IAC, centered at the IAC, and located posterior to the IAC
[24]. Because large meningiomas usually extend into multiple locations, it is often difficult to
identify their origin [19]. In our study, CPA meningiomas were regarded as those centered at

Table 1. Characteristics of the patients with and without IAC involvement by meningioma of the cerebellopontine angle.

Patients with IAC involvement
(n = 71)

Patients without IAC involvement
(n = 122)

P value χ2 value

Age: in years (mean, range) 49.44±10.45, 29–72 50.58±10.28, 19–69 P = 0.452

Female patients: n (%) 53/71 (75) 101/122 (83) P = 0.174 χ2 = 1.844

Axial tumor volume in mm2 median (25–
75%)

629 (406–932.75) 594.5 (413–954) P = 0.898*

Peritumoral edema: n (%) 28/71 (39) 28/122 (23) P = 0.015 χ2 = 5.922

Postoperative residual tumor: n (%) 37/52 (71) 25/84 (30) P<0.001** χ2 =
22.183

Meningothelial subtype: n (%) 30/71 (42) 31/122 (25) P = 0.015 χ2 = 5.89

*Nonparametric test.

**Evaluation of postoperative residual tumor was performed in 52 of 71 patients with IAC involvement and 84 of 122 patients without IAC involvement.

doi:10.1371/journal.pone.0122949.t001
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the IAC, which allowed the establishment of strict and detailed inclusion and
exclusion criteria.

In our series, the amount of postoperative residual tumors in patients with the intruding
IAC subtype was significantly lower than in patients with the other two subtypes. Thus, in our
patients, the greater the IAC involvement, the more difficult it was to achieve total resection of
the tumor.

Fig 2. A 60-year-old male patient with mixedmeningioma in the left CPA. The preoperative axial T2WI (a) shows an isointense mass in the left CPA. Part
of the tumor intrudes into the left IAC (black arrow). The preoperative post-contrast axial image (b) shows an enhanced mass with a maximal axial area of
135mm2. The intruding part of the tumor is also enhanced (black arrow). The postoperative axial T2WI (c) shows that the preoperative mass is no longer
visible and that the left ICA is essentially uninvolved (black arrow). The postoperative post-contrast axial T1WI (d) shows no enhanced lesion in the CPA and
inner opening of the IAC.

doi:10.1371/journal.pone.0122949.g002
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Our study unexpectedly indicated that peritumoral brain edema is a risk factor for IAC in-
volvement by CPA meningioma. Peritumoral brain edema around meiningiomas is vasogenic.
While vascular endothelial growth factor is known to play a very important role in edema for-
mation [25], the underlying mechanisms are poorly understood [26, 27] and there is no con-
sensus on the pathological meaning of peritumoral edema. According to some authors, it

Fig 3. A 43-year-old female patient with mixedmeningioma in the left CPA. The preoperative axial T2WI (a) shows the left IAC filled by a hypertintense
mass. The left IAC is not dilated and its signal intensity is similar to that of the tumor (white arrow). The preoperative post-contrast axial image (b)
demonstrates a heterogeneously enhanced mass with a maximal axial area of 506mm2. The left IAC is also slightly enhanced (white arrow). The
postoperative axial T2WI (c) shows the absence of the preoperative mass in the left CPA but the IAC is still filled by abnormal signal intensity (white arrow).
The postoperative post-contrast axial T1WI (d) reveals heterogeneously enhanced IAC (white arrow).

doi:10.1371/journal.pone.0122949.g003
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indicates adhesion of the meningioma to the surrounding parenchyma [11], but to others it
does not imply either brain involvement or tumor malignancy [4].

At least in our patients, the three types of IAC involvement had several shared characteris-
tics despite their unique phenotypes. Overall, these tumors demonstrated larger amounts of
peritumoral edema, more extensive postoperative residual tumor, and a greater likelihood of
being the menigothelial subtype than tumors without IAC involvement. However, patients
with IAC intrusion had less residual postoperative tumor than patients with the other two
IAC-invasive types, although preoperative tumor volume did not significantly differ among the

Fig 4. A 55-year-old male patient with meningothelial meningioma in the right CPA. The preoperative axial T2WI (a) shows the right IAC filled and
enlarged (white arrow) by a hypertintense mass. Peritumoral edema is seen as patchy high signal intensity in the right cerebellar hemisphere and vermis.
The preoperative post-contrast axial image (b) shows a heterogeneously enhanced mass with a maximal axial area of 1104mm2. The right IAC is also
enhanced (white arrow). The postoperative axial T2WI (c) reveals that the IAC is still filled by abnormal signal intensity (white arrow). The postoperative post-
contrast axial T1WI (d) shows heterogeneous enhancement of the enlarged IAC (white arrow).

doi:10.1371/journal.pone.0122949.g004
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three subtypes. This may have been partly due to the inclusion in this study only of meningio-
mas centered around the IAC and our exclusion of tumors spreading from adjacent regions.

Meningiomas are typically classified based on their alteration of the IAC [7, 9], with tumors
exhibiting partial IAC intrusion being largely ignored. These latter tumors were included in
our study, which is also the first to explore the extent of surgical resection of CPA meningiomas
with respect to IAC involvement.

This study has several limitations. First, as a retrospective study, patient selection may have
biased the results. Because the cases were identified from a pathological database based on the
search terms “meningioma” and “CPA,” the included patients had already undergone a prelim-
inary selection based on their diagnosis of CPA meningioma. This also likely resulted in the ex-
clusion of patients who did not have surgery. Second, the preoperative scanning parameters
were not uniform, even though it was confirmed that patients who underwent imaging with
the different scanners did not significantly differ in terms of age, sex, and tumor volume, such
that scanner type was unlikely to have influenced the subsequent analysis. Third, the tumor
volume was represented by its maximal two-dimensional area on the post-contrast axial image,
which is only an approximation of the true tumor volume. Fourth, this study did not take into
account the effect of the different pathological grades on IAC involvement, because only 10
cases of malignant meningioma in the sample were too small to be analyzed statistically. Fifth,
apart from tumor-related morphological changes in the IAC, structural changes in bone, such
as hyperostosis, can also occur [6,9]. In our study, the radiological findings were based on MRI,
such that changes in bone structure, which are best evaluated using CT, were not analyzed. Fi-
nally, we did not consider clinical symptoms and signs or surgical complications in our

Table 2. Characteristics of patients according to IAC involvement subtype.

Intruding IAC (n = 22) Filled IAC (n = 21) Dilated IAC (n = 28) P value χ2 value

Age: in years (mean, range) 54.5± 9.54, 35–69 47.38±7.49, 31–60 47±11.85, 19–66 P = 0.021

Female patients: n (%) 12/22 (55) 20/21 (95) 21/28 (75) P = 0.009 χ2 = 9.404

Axial tumor volume in mm2 median (25–75%) 578 (358.75–826) 615 (438.5–818) 759 (400.25–1042.75) P = 0.389a

Peritumoral edema: n (%) 9/22(41) 6/21(29) 13/28(46) P = 0.442 χ2 = 1.631

Postoperative residual tumor: n (%) 7/17(42) 10/11(91) 20/24(83) P = 0.005b χ2 = 7.865

Meningothelial subtype: n (%) 6/22(27) 13/21(62) 11/28(39) P = 0.066c χ2 = 5.448

aNonparametric test.
bPatients with intruding vs. filled and dilated IAC involvement.
cThe meningothelial subtype occurred significantly more frequently in patients with the filled IAC subtype than in patients with intruding IAC (χ2 = 1.631,

P = 0.442).

doi:10.1371/journal.pone.0122949.t002

Table 3. Influence of clinical, radiological, and pathological factors on IAC involvement.

Binary logistic regression

B value Odds Ratio (95%CI) P value

Age 0.011 1.011(0.982–1.041) 0.45

Sex 0.491 1.633(0.802–3.329) 0.177

Tumor volume 0.000 1.000(1.000–1.000) 0.71

Peritumoral edema 0.782 2.186(1.157–4.13) 0.016

Meningothelial subtype -0.382 0.682(0.368–1.265) 0.225

doi:10.1371/journal.pone.0122949.t003
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analysis, although to our knowledge, this was the first study to take into account postoperative
residual tumor.

Conclusions
In summary, this study provides insights into IAC involvement by CPA meningiomas. The re-
sults suggest that IAC involvement complicates the surgical resection of these tumors. The
presence of peritumoral brain edema increases the risk that meningiomas with IAC involve-
ment will have more extensive postoperative residual tumor.
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