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Diagnostic Value of Susceptibility-
Weighted MRI in Differentiating
Cerebellopontine Angle Schwannoma
from Meningioma
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Na-Young Shin, So-Lyung Jung, Kook-Jin Ahn

Department of Radiology, Seoul St. Mary's Hospital, College of Medicine, The Catholic University of
Korea, Seoul, Korea

Background: Differentiation of cerebellopontine angle (CPA) schwannoma from
meningioma is often a difficult process to identify.

Purpose: To identify imaging features for distinguishing CPA schwannoma from
meningioma and to investigate the usefulness of susceptibility-weighted imaging
(SWI) in differentiating them.

Materials and Methods: Between March 2010 and January 2015, this study
pathologically confirmed 11 meningiomas and 20 schwannomas involving CPA with
preoperative SWI were retrospectively reviewed. Generally, the following MRI features
were evaluated: 1) maximal diameter on axial image, 2) angle between tumor border
and adjacent petrous bone, 3) presence of intratumoral dark signal intensity on SWI, 4)
tumor consistency, 5) blood-fluid level, 6) involvement of internal auditory canal (IAC),
7) dural tail, and 8) involvement of adjacent intracranial space. On CT, 1) presence
of dilatation of IAC, 2) intratumoral calcification, and 3) adjacent hyperostosis were
evaluated. All features were compared using Chi-squared tests and Fisher's exact
tests. The univariate and multivariate logistic regression analysis were performed to
identify imaging features that differentiate both tumors.

Results: The results noted that schwannomas more frequently demonstrated dark
spots on SWI (P = 0.025), cystic consistency (P = 0.034), and globular angle (P =
0.008); schwannomas showed more dilatation of internal auditory meatus and lack of
calcification (P = 0.008 and P = 0.02, respectively). However, it was shown that dural
tail was more common in meningiomas (P < 0.007). In general, dark spots on SWI
and dural tail remained significant in multivariate analysis (P = 0.037 and P = 0.012,
respectively). In this case, the combination of two features showed a sensitivity and
specificity of 80% and 100% respectively, with an area under the receiver operating
characteristic curve of 0.9.

Conclusion: In conclusion, dark spots on SWI were found to be helpful in
differentiating CPA schwannoma from meningioma. It is noted that combining dural
tail with dark spots on SWI yielded strong diagnostic value in differentiating both
tumors.

Keywords: Meningioma; Vestibular schwannoma; Susceptibility-weighted imaging;
Magnetic resonance imaging; Cerebellopontine angle tumors
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INTRODUCTION

Broadly speaking, meningioma and schwannoma are the
most common and 2nd most common extra axial tumors
in adults, respectively. Considering MRI is the modality
of choice for presurgical imaging with excellent tissue
characterization, multiplanar capability without the risk of
radiation, preoperative differentiation of both tumors on
MRI would be clinically beneficial.

In general, microhemorrhage occurs more often in
schwannomas, while it is noted that the incidence of
calcification is more common in meningioma (1). On MRI,
meningiomas frequently have dural tail sign, calcification,
and broad base on the petrous bone; meningiomas abutting
the internal auditory canal (IAC) cause hyperostosis of
adjacent bone. On the contrary, schwannomas have close
contact with cranial nerves, typically involve |AC with
widening of the canal, and display cystic changes and
globular angle with petrous bone.

However, in some cases they share similar imaging
features, posing challenges to radiologists; approximately
25% of cerebellopontine angle (CPA) meningiomas are
reportedly misdiagnosed for schwannoma (2). A specific
imaging feature such as blood-fluid levels in schwannomas
was reportedly associated with a less favorable surgical
outcome (3), adding complexities to treatment planning
for the patients. There has been a report that intratumoral
microhemorrhages on T2* weighted gradient-echo (GRE)
imaging had diagnostic potential of differentiating them
(4). Similar to T2* weighted GRE imaging, susceptibility-
weighted image (SWI) is capable of detecting
microhemorrhages, which are seen as blooming of dark
signal intensities on SWI (5). To date, there is a paucity
of literature that have applied SWI in differentiating CPA
schwannomas from meningiomas (6). In this relation, we
hypothesized that SWI would yield meaningful diagnostic
value to the conventional imaging findings, that could
be useful in distinguishing CPA schwannoma from
meningioma.

The purpose of this study was to evaluate the potential
diagnostic value of SWI combined with conventional
imaging findings on MRI and CT, as used in differentiating
CPA schwannoma from meningioma for the purposes of
diagnosis of patients exhibiting these conditions.
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MATERIALS AND METHODS

Study Population

This retrospective study was approved by the Institutional
Review Boards of our institution and informed consent
was waived. Between March 2010 and January 2015, 44
patients who underwent surgery for CPA tumors were
retrospectively reviewed for this study (17 meningiomas
and 27 schwannomas). It is noted that the inclusion criteria
for eligible patients were: 1) available pre-operative MRI
with SWI sequence and CT; and 2) tumor size of at least
2.0 cm in maximal diameter for appropriate analysis. In
this case, thirteen patients were excluded for the following
reasons: 1) lack of pre-operative CT images (n = 5); 2) lack
of pre-operative SWI sequence (n = 6); 3) tumors less than
2.0 cm in largest diameter (n = 2). Additionally, we included
11 patients with meningiomas and 20 patients with
schwannomas, all with preoperative SWI and CT images.

MRI Acquisition

This brings us to understand that all images were acquired
using a 3.0 Tesla MR scanner (Verio; Siemens, Erlangen,
Germany). In these terms, the sequences were obtained in
the following order: T1- and T2-weighted, fluid-attenuated
inversion recovery (FLAIR) imaging, SWI and finally contrast-
enhanced T1-weighted imaging with intravenous injection
of Gadobutrol (Gadovist; Bayer, Leverkusen, Germany) at 0.1
mg/kg. SWI was acquired with 3-dimensional gradient echo
sequence with flow compensation. The parameters for SWI
were: field of view, 230 x 173; matrix, 256 x 192; voxel
size, 0.9 x 0.9 x 2.0 mm; flip angle, 15 degree; and time
repetition/echo time, 28/20 msec. In the meantime, the
magnitude and phase images were simultaneously obtained
from which SWI was constructed in operation of magnitude
and phase images (7). The parameters for other sequences
were: 1) T2-weighted imaging (repetition time [TR], 3300
msec; echo time [TE], 93 msec; flip angle [FA], 150; field
of view [FOV], 210 x 210 mm; acquired matrix, 448 x 358;
number of excitations [NEX], 1; echo train length [ETL],
17; section thickness, 5 mm), 2) FLAIR (TR, 9000 msec; TE,
95 msec; FA, 90; FOV, 210 x 210 mm; acquired matrix,
384 x 307; NEX, 1; ETL, 17; section thickness, 5 mm) and
3) T1-weighted and gadolinium-enhanced T1-weighted
imaging (TR, 250 msec; TE, 3.0 msec; FA, 70; FOV, 210
x 210 mm; acquired matrix, 448 x 358; NEX, 2; ETL, 1;
section thickness, 5 mm). Likewise, the acquired CT images
were non-contrast enhanced temporal bone CT scans with
slice thickness of 1.0 mm and peak kilovoltage of 120.0
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(SOMATOM Definition, Siemens Healthineers, Erlangen,
Germany).

Image Analysis

For all patients, MRI features were analyzed as following:
1) maximal diameter on axial image, 2) angle between
tumor border and adjacent petrous bone, 3) presence
of intratumoral dark signal intensity on SWI, 4) tumor
consistency, 5) blood-fluid level, 6) involvement of IAC, 7)
dural tail, and 8) involvement of adjacent intracranial space.
It is noted that the grade of intratumoral dark spots was
defined as none, < 50% (less than 50% of tumor area), and
> 500 (greater than or equal to 50% of tumor area). Next,
the following CT features were also analyzed: 1) presence
of dilatation of internal auditory meatus, 2) intratumoral
calcification, and 3) adjacent hyperostosis. Then, by
comparing SWI and CT images, among intratumoral dark
spots on SWI, those not corresponding to calcification on
CT were recorded. Additionally, all images were analyzed by
two board-certified radiologists (blinded and blinded, with
6 and 25 years of experience in neuroradiology) who were
noted to be in consensus regarding the results. Additionally,
histologic consistencies of all tumors were reviewed from
electronic medical records of our institution.

Statistical Analysis

A Pearson's Chi-squared test or Fisher's exact was
performed, where appropriate, for categorized variables
of imaging features and independent t-test was used for
comparing continuous variables. Additionally, a univariate
and multivariate logistic regression analyses were
performed using imaging features. It was shown that there
were noted significant variables in multivariate analysis
were used to plot a receiver operating characteristics (ROC)
curve. Additionally, the area under the ROC curve (AUC) was
calculated from a training set consisting of 20 patients. To
minimize overfitting, the multivariate logistic regression was
applied to a test set consisting of 11 patients after 10-fold
cross-validation, of which the best-performing model was
chosen. Next, both train and test sets were randomly chosen
from the entire cohort with maintaining equal proportion
of both tumors. It is emphasized that all statistical analyses
were performed using R statistical software (version 3.4.4,
Vienna, Austria). A P-value of less than 0.05 was considered
to indicate statistical significance in this case as reviewed.
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RESULTS

Baseline Characteristics of Patients

In this context, the baseline clinical and tumor
characteristics of all patients are summarized in Table
1. There were no significant differences as noted in
characteristics, or were seen between both tumors (all Ps >
0.05). Of the 20 patients with schwannoma, 10 were women
(50%) while among the 11 patients with meningioma, 7
were women (63.6%) (P = 0.724). It was shown that the
mean age was 61.5 + 12.3 years for meningioma and 51.7 +
18.5 years for schwannoma (P = 0.125).

Comparison of Imaging Characteristics

In this respect, the detailed imaging features of both
tumors are summarized in Table 2. The mean maximal
diameter of schwannomas was 3.8 + 1.3 cm while that
of meningiomas was 4.2 + 1.4 cm (P = 0.125). Here the
intratumoral dark spots on SWI-not corresponding to
calcific densities on CT-were more frequently observed in
schwannomas (18 of 20, 90%) than in meningiomas (5 of
11, 45.5%, P = 0.025). In terms of 20 schwannomas, 13
patients (65%) had both solid and cystic components while
only 2 patients (2 of 11, 18%) with meningiomas had both
solid and cystic components (P = 0.034). It was noted that
only schwannomas showed blood-fluid levels on MRI (P =
0.474). The IAC involvement tended to be more common
in schwannomas (14 of 20, 70%) than in meningiomas (3
of 11, 27.3%) (P = 0.056). Next, the dural tail signs were
more frequently seen in meningiomas (6 of 11, 54.5%) than
in schwannomas (1 of 20, 5%; P = 0.007). Additionally,
the schwannomas showed more globular angles between
tumor with adjacent petrous bone (15 of 20, 75%) than
in meningiomas (2 of 11, 18.2%; P = 0.008). On a review

Table 1. Baseline Characteristics of Patients and Tumors (n = 31)

Schwannoma

Meningioma

Characteristics n=11) (n=20) P-value

Sex, n (%) 0.724
Female 7 (63.6%) 10 (50.0%)
Male 4 (36.4%) 10 (50.0%)

Age, mean + SD 61.5+12.3 51.7 + 18.5 0.125

Tumor location, n (%) 0.248
Left 4 (36.4%) 13 (65.0%)
Right 7 (63.6%) 7 (35.0%)

SD = standard deviation

www.i-mri.org
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of the preoperative CT images, intratumoral calcifications
were seen in meningiomas (4 of 11, 36.4%) and none in
schwannomas (0%, P = 0.02). Next, the dilatation of internal
auditory meatus was only seen in schwannomas (11 of 20,
55%; P = 0.002) as well as hyperostosis of peritumoral bone
(2 of 20, 10%; P = 0.749). The representative MRI of both
tumors are depicted in Figure 1.

Univariate and Multivariate Logistic Regression
Analysis

There are significant variables from univariate and
multivariate analysis that are summarized in Table 3. In
univariate analysis, dark spots on SWI, tumor consistency,
IAC component, dural tail sign, and angle between tumor

IMRI

and adjacent petrous bone were found to be significant (P
= 0.005-0.029). Among these, three variables (dark spots
on SWI, IAC component, and dural tail sign) were selected
for multivariate analysis, in which dark spots on SWI and
dural tail sign remained significant (P = 0.037 and P = 0.012,
respectively). Additionally, these two variables showed
a sensitivity of 80% and a specificity of 100% with an
AUC of 0.9 (Fig. 2) in differentiating schwannomas from
meningiomas.

DISCUSSION

In the CPA, it is known that schwannomas and

R

.
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Fig. 1. Representative images of meningioma (upper row) in a 35-year-old woman and schwannoma (bottom row) in a
66-year-old male. From left to right, each column represents T2-weighted (a, d), contrast-enhanced T1-weighted (b, ) and
SWI (c, f) of tumor located in left cerebellopontine angle. Schwannoma shows punctate dark signal intensities on SWI (f)
while meningioma shows none (c) (arrows). SWI = susceptibility-weighted image.
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meningiomas are the most common tumors that are
often difficult to distinguish (8, 9). That being said, the
preoperative differentiation of both tumors on imaging
is important, because the operative approach and post-

Table 2. Comparison of Imaging Features of Tumors

Schwannoma P_value
(n=20)

Meningioma

MRI features, n (%)

(n=11)
Maximal tumor diameter

(cm). mean + SD 42+ 1.4 38+13 0.373
Dark spot on SWI° 0.025
none 6 (54.5%) 2 (10.0%)
< 50% 4 (36.4%) 14 (70.0%)
> 50% 1(9.1%) 4 (20.0%)
Tumor consistency 0.034
Solid 9 (81.8%) 7 (35.0%)
Solid and cystic 2 (18.2%) 13 (65.0%)
Blood-fluid level 0.474°
Absent 11 (100.0%) 17 (85.0%)
Present 0 (0.0%) 3 (15.0%)
IAC component 0.056
Absent 8 (72.7%) 6 (30.0%)
Present 3 (27.3%) 14 (70.0%)
Dural tail sign 0.007
Absent 5 (45.5%) 19 (95.0%)
Present 6 (54.5%) 1 (5.0%)
Angle® 0.008
Broad 9 (81.8%) 5 (25.0%)
Globular 2 (18.2%) 15 (75.0%)
CT imaging features, n (%)
Meatus dilatation 0.008*
Absent 11 (100.0%) 9 (45.0%)
Present 0 (0.0%) 11 (55.0%)
Calcification 0.02°
Absent 7 (63.6%) 20 (100.0%)
Present 4 (36.4%) 0 (0.0%)
Hyperostosis 0.749°

Absent 11 (100.0%) 18 (90.0%)

0 (0.0%) 2 (10.0%)

“Fisher's exact test; other categorical comparisons by Pearson's Chi-squared tests
*Proportion of dark spot on susceptibility-weighted imaging out of total tumor
area

‘Angle between tumor and adjacent petrous bone

IAC = internal auditory canal; SWI = susceptibility-weighted imaging

Present
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treatment management differ for both tumors (10). In
this context, in patients with meningiomas, postoperative
hearing preservation tends to be better than schwannomas;
however, recurrence incidence is higher in patients with
meningiomas (9, 10). For this reason, the current study
demonstrated the diagnostic value of SWI in differentiating
CPA schwannoma from meningioma. Our results showed
that combining dark spots on SWI with dural tail were
found to be helpful in differentiating of CPA schwannoma
from meningioma.

In previous studies, several CT and MRI findings for
differentiating both tumors have been investigated with
some success. Through this lens, imaging features favoring
the diagnosis of schwannoma include globular shape of a
tumor, IAC component, and an acute angle between tumor
with the adjacent petrous bone (11, 12). On the other hand,
imaging features favoring the diagnosis of meningiomas
include sessile shape with a broad base against petrous
bone, an obtuse angle with the petrous temporal bone,
dural tail sign, intratumoral calcification and hyperostotic
changes (8, 11-14). Furthermore, in line with previous
findings, the univariate logistic analysis of this study
showed that dural tail sign, the angle between tumor
with adjacent bone, and IAC dilatation were found to be
significant features in distinguishing both tumors.

In this relation, the results of this study showed that
65% of schwannomas showed mixed solid and cystic
appearances, which is higher than the previously reported
incidences of cystic schwannomas (5.7% to 48%) (15-17).
Unlike a previous study that reported 53% of blood-fluid
levels on preoperative MRI in schwannomas (3), this study
showed only 15% schwannomas with internal blood-fluid
levels. Upon review, this difference may be attributable to
the larger sample size of their study (131 schwannomas
vs. 20 schwannomas). In both univariate and multivariate
analysis, intratumoral dark spots on SWI and dural tail
sign were significant imaging features for differentiating
schwannoma from meningioma in CPA. Considering dural
tail sign can be assessed on conventional imaging (i.e.
contrast-enhanced CT or MRI), the use of SWI for detecting
intratumoral dark spots-or microhemorrhages-was found to
have a diagnostic value.

It is emphasized that advances in MRI technology have
led to improved sensitivity for detecting a byproduct
of microbleeding, called hemosiderin. In these cases,
microhemorrhage appears as round hypointense foci on
both conventional GRE images and SWI (18). Recently,
SWI is increasingly used routinely in clinical practice as

www.i-mri.org
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Table 3. Univariate and Multivariate Logistic Regression Analysis Using Clinical and Imaging Characteristics

Univariate analysis

Multivariate analysis®

Variables
OR (95% CI) P-value OR (95% Cl)

Age 0.96 [0.91, 1.0] 0.13

Sex, male 1.75 [0.4, 8.52] 0.467

Maximal tumor diameter 0.76 [0.42, 1.36] 0.362

Dark spot on SWI (none vs. present) 2.73[1.27, 6.98] 0.017 3.25[1.19, 12] 0.037
Tumor consistency 8.36 [1.61, 65.9] 0.02

Blood-fluid level 0.994

IAC component 6.22 [1.31, 37.0] 0.029 2.94 [0.32, 30.5] 0.331
Dural tail sign 0.04 [0, 0.33] 0.009 0.03 [0, 0.33] 0.012
Angle® 13.5 [2.5, 111.6] 0.005

Meatus dilatation 0.995

Calcification 0.995

Hyperostosis 0.995

“Variables with P < 0.02 were further analyzed in multivariate analysis
*Angle formed between tumor margin and adjacent petrous bone
Cl = confidence interval; OR = odds ratio

—

AUC: 0.9

True positive rate
06 08 10
|

04

02
1

00
1

T T T T T T
00 02 04 06 08 10

False positive rate

Fig. 2. A receiver operator characteristic curve based
on two significant imaging features from multivariate
logistic regression-dark spots on SWI and dural tail sign.
At the optimal threshold point (open circle), the AUC was
0.9 with a sensitivity and a specificity of 80% and 100%,
respectively. AUC = area under the receiver operator
characteristic curve.

it maximizes the sensitivity to susceptibility effects by
combining long echo time and a fully flow-compensated
3D GRE sequence, making it superior to the conventional
T2* GRE. In addition, because of its high resolution and
phase information, it is noted that SWI is more sensitive in

www.i-mri.org

detecting microhemorrhages compared to the conventional
GRE (19). Additionally, one study reported that SWI detected
67% more cerebral microbleeds than the conventional GRE
sequence (20). Capability of microhemorrhage detection on
imaging is important, since intratumoral microhemorrhage
is a well-known pathologic characteristic of schwannomas
(21, 22).

In this respect, only a few studies have reported the
diagnostic value of microhemorrhages in CPA schwannomas
on MRI (4, 6, 22, 23). The Park et al. (23) study reported
that they detected microhemorrhage in 35% of CPA
schwannomas by using T2-weighted sequence; however,
all cases were confirmed to have hemosiderin by
histopathologic examination. In our study, among the 18
schwannomas with dark spots on SWI, only three showed
spots of signal voids on T2-weighted image, suggesting
superior sensitivity of SWI in detecting microhemorrhages
than T2-weighted sequence. Similar to our study, it is
important to reiterate that Mishra et al. (24) applied SWI
for differentiating CPA schwannomas from meningiomas,
and found that SWI showed a sensitivity and specificity of
100% and 92%, respectively in differentiating the two.

Generally speaking, the diagnostic value of intratumoral
microhemorrhage on MRI for distinguishing CPA
schwannoma from meningiomas have been previously
investigated using conventional GRE (4) and PRESTO
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(principles of echo shifting with a train of observation)
sequence (6) with histopathologic correlation. In other
words, the PRESTO sequence was developed to make rapid
T2*-weighted scanning (25), which is used for perfusion
and functional MRI (26). However, more susceptibility
artifacts in the lower parts of the brain were seen for
PRESTO sequence due to longer echo time compared to SWI
(27), suggesting SWI may be more applicable for assessing
microhemorrhages in the CPA.

Upon review, our study has a few limitations in addition
to the inherent bias associated with retrospective design.
First, the results from a small sample size of 31 patients
might not be generalizable to other cohorts, and may need
a larger participation group. Additionally, dark spots on SWI
were considered as microhemorrhages after correlating with
CT images; pathologic confirmation from surgical specimen
could have added definitive meaning to the dark spots
on SWI. Furthermore, it is noted that microhemorrhages
could have been differentiated from calcifications via
phase images acquired for processing SWI; in doing so, SWI
could have distinguished calcifications (i.e. diamagnetic)
from microhemorrhages (i.e. paramagnetic). However, in
reviewing the collected data, the raw phase images were
not readily available. For this reason, future studies would
need to investigate the value of phase images of SWI for
this purpose.

In conclusion, on top of the conventional imaging findings
of CPA meningiomas and schwannomas, the intratumoral
dark spots on SWI were found to be a useful feature
for differentiating both tumors, suggesting its potential
diagnostic value for the future. Furthermore, combining
dural tail sign with dark spots on SWI resulted in improved
differentiation in both types of tumors.
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