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Abstract

Background: We aimed to estimate the diagnostic accuracy of apparent diffusion coefficient values (ADC) and intra-tumoral
susceptibility signals (ITSS) in differentiating meningiomas and schwannomas.

Methods: This retrospective study included 41 patients with 23 histopathologically proven meningiomas (20 patients with benign
meningioma and 3 patients with high-grade meningioma) and 18 schwannomas. We calculated the mean ADC values and
ADC ratio from ADC maps and intratumoral susceptibility signals (ITSS) in susceptibility-weighted imaging (SWI) for all patients.
The quantitative variables were compared between the tumor groups using ¢ test and the qualitative variables were compared
between them using Chi-square test.

Results: In this study, the mean ADC value of meningiomas (0.86+0.11x10° mm?/s, range 0.67-1.04) was lower than
schwannomas (1.32+0.16x10° mm?*s, range 1.10-1.65) with no overlap in the range of ADC values. The mean ADC ratio of
schwannomas (2.0+0.29, range 1.45- 2.58) was higher than meningiomas (1.24+0.17, range 0.83-1.64) with some overlap.
We found significant difference in mean ADC value and ADC ratio between meningiomas and schwannomas. The presence of
intratumoral microhemorrhages (ITSS-H) in SWI was more suggestive of schwannomas and the presence of calcification was in
favor of benign meningiomas. We did not find any significant difference in mean ADC value and ADC ratio between benign and
high-grade meningiomas with considerable overlap in their range.

Conclusion: Additional magnetic resonance imaging findings such as ADC values and ITSS in SWI can help better pre-operative
diagnosis of meningiomas and schwannomas, particularly in challenging patients.
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Introduction
Meningiomas comprise 20%-30% of all major intracranial
masses, originating from arachnoid cap cells and are more
commonly seen in middle-aged adults.! Meningiomas are
generally benign but they have a wider range of clinically
and histologically different subgroups which have higher
chances of recurrence and can also be malignant.! The
World Health Organization (WHO) 2016 classification
has depicted them as (a) benign (grade I), (b) atypical
(grade II), and (c) malignant (grade III).>* Atypical
and malignant meningiomas (high grade) have poorer
prognosis as compared to the benign type (low grade).>*
The most important treatment for meningiomas
is surgical removal’ Surgical planning and outcome
depends on many factors such as size, location, invasion or
encasement of adjacent blood vessels and cranial nerves,
internal vascularity, and tumor consistency.”® Magnetic
resonance imaging (MRI) is a very important means to
decide on surgical approach, perioperative risk, timing of
surgery and resectability of meningiomas.' Meningiomas
commonly appear isointense on TIW and T2W images
as compared to brain with bright homogeneous contrast

enhancement.®” There can be calcifications, cystic
changes, flow voids and enclosed cerebrospinal fluid
spaces within them.'

Cerebellopontine angle (CPA) tumors constitute
around 5%-10% of adult intracranial tumors and 1% of
pediatric intracranial tumors.® The most common CPA
tumor is vestibular schwannoma comprising 80%-90%
of all CPA tumors. It is followed by meningioma which
occurs in 10%-15% of cases. Schwannomas appear iso-to-
hypointense in TIW and hyperintense in T2W sequences
as compared with the brain and may have cystic changes
and microhemorrhages. Vestibular schwannomas arise
from internal auditory canal causing widening of porus
acusticus and form a round lesion in CPA cistern with an
‘ice cream cone appearance’.’

Conventional MRI sequences may not always be
accurate in discrimination between meningiomas
and schwannomas particularly when lesions appear
heterogeneous and atypical in locations such as
cerebellopontine cistern because of diverse histological
tumor types. However, precise imaging diagnosis is
utmost important since surgical planning and prognosis
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is different for these lesions with meningiomas having
higher chances of hearing preservation.” ° There are also
less specific conventional MRI findings that distinguish
benign meningiomas from high-grade meningiomas.>*°
Advanced MRI sequences such as diffusion-weighted
imaging (DWI) are used for improving evaluation
of intracranial lesions and tumor grading.®>'"'> DWI
imaging is done using two optimized b values to attain
apparent diffusion coefficient (ADC) values." It has been
shown that primary intracranial masses with relatively
high cellularity and a high grade usually display low ADC
relative to the normal brain parenchyma.®"
Susceptibility-weighted imaging (SWI) utilizes a
gradient echo sequence combining T2*-weighted
“magnitude” image and filtered “phase” images."* It
is based on magnetic property of tissues and displays
blooming (intratumoral susceptibility signals, ITSS) in
tissues with tiny hemorrhages and calcifications.® The
role of ADC and SWT in distinguishing meningiomas and
schwannomas is still unclear. Therefore, we aimed to assess
the utility of ADC values and ITSS for differentiation of
meningiomas and schwannomas in our population.

Materials and Methods

We conducted a retrospective study in the radiology
department of a tertiary care hospital from February
2020 to July 2022. All patients who were operated in our
hospital with histopathologically proven intracranial
meningioma and schwannoma and had undergone
preoperative MRI (along with DWT and SWI sequences)
were included. We excluded patients who had undergone
prior intracranial surgery, imaging performed at an
outside institution, had artifacts in DWI or SWI images
(motion artifacts, susceptibility artifacts etc) or had a
lesion size of less than 1 cm. This study was performed
after approval by the institutional review board.
Ultimately, 41 patients with meningioma or schwannoma
on histopathology were included. MRI was done using
a 1.5 Tesla scanner (Ingenia, Philips Healthcare) with
head coil. Routine MRI brain protocol included axial T1-
weighted (T1W) image, multiplanar T2-weighted (T2W)
images, fluid-attenuated inversion recovery (FLAIR)
in axial plane, DWI, and SWI. Then contrast-enhanced
fat-suppressed T1W sequence (using gadolinium-based
contrast agents at bolus dose of 0.1 mg/kg) was obtained
in multiple planes. DWI employs single-shot echo-planar
spin-echo technique with application of gradients in
three directions, having TR 4.1 sec, matrix 184x109,
FOV 220 mm, TE 89 msec, NSA 2, thickness of slice 4.5
mm, flip angle 90°, inter-slice interval Imm, and three
diffusion sensitivities having 0, 500, and 1000 s/mm? b
values. ADC maps are customarily acquired from DWI
sequence and analyzed in a separate workstation using
dedicated software package installed by the vendor. SWI
parameters were TR 52 msec, matrix 232 x 197, FOV 230

mm, TE 12 msec, NSA 1, inter-slice gap 1mm, thickness
of slice 2 mm, and flip angle 20°. SWI sequence was used
to generate the combined SWI processed magnitude and
filtered-phase images.

Assessment of the images was performed by a
neuroradiologist (S.S.) with more than 8 years of
experience in reporting MRI studies, without prior
knowledge of histopathological diagnosis of the included
cases. At least three regions-of-interest each of diameter
12-18 mm were placed on ADC maps within the solid
enhancing part of tumor (excluding cystic, necrotic,
calcific and microhemorrhagic areas) and in contralateral
normal appearing white matter (without edema and mass
effect) and mean ADC values were ascertained for tumor
and normal white matter (measured in 10 mm?/s). The
mean tumor ADC was divided from mean white matter
(WM) ADC to estimate ADC ratio.

The ITSS in SWI images were analyzed and classified
into ITSS-present and ITSS-absent. ITSS appear as
areas of blooming (low signal foci) on SWI images. The
areas with ITSS (ITSS-present) were further evaluated
on filtered phase images which show high signal foci
in areas of calcification, low signal foci in areas of
microhemorrhage and low signal vascular structures if
vessels are present on our right-handed MRI machine.
In our study, ITSS-present were categorized into (a)
calcification appearing as high signal (ITSS-C), (b)
microhemorrhage appearing as low signal (ITSS-H),
and (c) vessels within (ITSS-V). We also measured the
maximum tumor diameter in contrast-enhanced TIW
images and noted the presence of peritumoral edema
in T2W images in all cases. Meningiomas were further
graded based on WHO classification - (a) benign (b)
high-grade and tumor location was also noted.

Statistical Package for Social Sciences (SPSS) 20 of
IBM (USA) was utilized for data evaluation. P<0.05 was
considered as statistically significant. We ascertained
mean with standard deviation (SD) for quantifiable
variables including age, maximum tumor size, symptom
duration, mean tumor ADC, mean WM ADC and mean
ADC ratio and ¢ test was used for analysis. Frequency and
percentage were determined for remaining data including
sex, symptoms, peritumoral edema, ITSS positivity. Chi-
square test was used as appropriate. We used receiver
operating characteristic (ROC) curve to ascertain cut-
off value for mean tumor ADC and ADC ratio for
differentiation of meningiomas and schwannomas.

Results

In this study, there were 23 meningiomas, of which 20
(86.96%) had benign meningioma (Figure 1) and 3
(13.04%) had high-grade meningioma (two with atypical
meningioma and one with malignant meningioma,
Figure 2) with a mean+SD age of 44.61+12.53 years
(range: 24-66 years). The patients with benign and high-

2 | IntClin Neurosci J. Vol 10, 2023

@ journals.sbmu.ac.ir/Neuroscience


http://journals.sbmu.ac.ir/Neuroscience

Meningioma and Schwannoma MRI

Figure 1. Benign Meningioma. (A) axial T2W, (B) axial TTW, (C) contrast-enhanced T1W, (D) DWI, (E) ADC
map, (F) ITSS in SWI and (G) SWI phase images show a benign meningioma in right cerebellopontine angle

Figure 2. High-Grade Meningioma. (A) axial T2W, (B) axial T1W, (C) contrast-enhanced T1W, (D) DWI, (E) ADC
map, (F) ITSS in SWI and (G) SWI phase images show a high-grade meningioma in left side of posterior fossa

grade meningiomas had mean+SD age of 44.2+12.94
years (range: 24-66 years) and 47.33+11.02 years (range
40-60 years), respectively, with no significant difference in
age between benign and high-grade meningiomas. There
were 19 women (82.61%, 18 with benign meningioma and
onewith high-grade meningioma)and 4 men (17.39%, two
each with benign and two with high-grade meningioma)
with overall female predominance in meningiomas and
male predominance in high-grade meningiomas. The
mean = SD age was higher in women (46.95+12.1 years,
range: 27-66 years) compared with men (33.5+ 8.85 years,
range: 24-42 years) in meningiomas (P=0.048).

We had 18 patients with schwannomas (Figure 3) with

mean + SD age of 40.83 +14.66 years (range: 8-63 years).
In this group, there were 14 (77.78%) women and four
(22.22%) men with a mean + SD age of 41.21 £12.82 years
(range 21-63 years) in women and 39.5+22.43 years
(range 8-61 years) in men (P=0.84). There was overall
female predominance within schwannomas. We noted
insignificant difference in age and sex distribution upon
comparing meningiomas with schwannomas (P=0.38
and P=0.71, respectively, Table 1). We found headache
as the most common symptom in meningiomas and
schwannomas followed by vertigo with no significant
difference in symptoms and symptom duration between the
tumor groups (P=0.45 and P=0.74, respectively, Table 1).
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Figure 3. Schwannoma. (A) axial T2W, (B) axial TTW, (C) axial FLAIR, (D) DWI, (E) ADC map, (F) ITSS in SWI and
(G) SWI phase images show a large left trigeminal schwannoma

Table 1. Comparison of the Demographic and Clinical Data of Meningiomas
With Schwannomas

Variable Meningiomas Schwannomas P Value’
Age (mean+SD, years) 44.61+12.53 40.83+14.66 0.38
Gender (Male: Female) 4:19 4:14 0.71

Most common symptom  Headache (60%) Headache (72%)  0.45

Symptom duration

(mean = SD, months) 9.02+14.39

10.42+11.84 0.74

* P<0.05 was considered significant.

We found a higher incidence of meningioma in
supratentorial location (15, 65.22%) of which eight
were located at convexity, six at falx and one at skull
base. Eight meningiomas were in infratentorial location
(34.78%). Multiple meningiomas were found in one
patient in whom the largest lesion was included in this
study. The most common histopathological subtype of
benign meningiomas was meningothelial (n=9, 45%)
followed by transitional type (n=5, 25%), fibrous (n=3,
15%), psammomatous (n=2, 10%) and angiomatous
(n=1, 5%). Among the schwannomas, 16 (88.89%)
were vestibular schwannomas and two (11.11%) were
trigeminal schwannomas. The mean+SD maximum
diameter of meningiomas was 51.74+12.41 mm (range:
26-67 mm) and 38+14.56 mm (range: 16-78 mm) in
schwannomas (P=0.003). We observed presence of
peritumoral edema in 19 (82.61%) meningiomas and 11
(61.11%) schwannomas (P=0.12).

Mean+SD tumor ADC (Figure 4) in meningiomas
was calculated to be 0.86+0.11 x 10~ mm?/s (range: 0.67
to 1.04) and in schwannomas to be 1.32+0.16x10°
mm?/s (range: 1.1-1.65). The mean+SD ADC ratio

was 1.24+0.17 (range: 0.83-1.64) in meningiomas
and 2.0+0.29 (range: 1.45-2.58) in schwannomas
(Figure 5). We found significant difference in mean
tumor ADC (P=0.001) and ADC ratio (P<0.01) between
meningiomas and schwannomas (Table 2) and between
mean tumor ADC value and mean white matter ADC
value in both tumor groups (both with P<0.01). There
was insignificant disparity (P=0.09) in mean white
matter ADC between meningiomas and schwannomas
(Table 2). The ROC curve analysis showed a cut-off
value of 1.07x10°mm?/s for mean tumor ADC (with
100% accuracy, sensitivity, and specificity) and 1.435
for ADC ratio (97.56% accuracy, 100% sensitivity, and
95.65% specificity) for differentiation of meningiomas
from schwannomas. We found considerable variation in
mean tumor ADC (each with P<0.01) and mean ADC
ratio (each with P<0.01) when comparing meningioma
subgroups (benign and high-grade meningiomas)
with schwannomas and insignificant disparity in mean
white matter ADC value upon comparing meningioma
subgroups and schwannomas.

ITSS in SWI images were found in 17 (94.44%)
schwannomas and all showed microhemorrhages
(ITSS-H). ITSS was seen in 16 (69.5%) meningiomas with
calcifications in 5, vessels in 9 and microhemorrhages
in 2 patients. We noted significant disparity in ITSS
(P=0.046) between meningiomas and schwannomas
with presence of microhemorrhages more suggestive of
schwannomas (P<0.001) and presence of calcification
and vascularity in favor of meningiomas (Table 2). Out of
the two meningiomas with microhemorrhages, one had
transitional subtype of benign meningioma and another
was grade III meningioma.
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Figure 4. Box-Plot Figure Showing Distribution of Mean Tumor ADC Values of Meningiomas and Schwannomas
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Figure 5. Box-Plot Figure Showing Distribution of Mean ADC Ratio of Meningiomas and Schwannomas

We estimated mean +SD tumor ADC value in benign
and high-grade meningiomas to be 0.85+0.11x10°
mm?/s (range: 0.67 to 1.04x10° mm?s) and
0.91£0.09x10° mm?*s (range: 0.84-1.02x 107 mm?s),
correspondingly. Mean+SD ADC ratio in benign and

high-grade meningiomas was 1.22+0.16 (range: 0.83-
1.42) and 1.38+0.24 (range: 1.17-1.64), respectively.
There was insignificant discrepancy of mean tumor
ADC and ADC ratio (P=0.76 and P=0.502 respectively)
between benign and high-grade meningiomas (Table 3).
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Table 2. MRI Parameters of Meningiomas and Schwannomas

Parameter Meningiomas Schwannomas P Value
?:fg?;“gzr) ADCvalue 6 865011 13220.16 0.001
(A:fgfn\:\mg'x valle 694006 0.66£0.05 0.09
Mean ADC ratio 1.24+0.17 2.0£0.29 <0.01
SWI(ITSS) positivity 16 (69.5%) 17 (94.44%) 0.046
ITSS-H 2 (12.5%) 17 (100%) <0.001
ITSS-C 5(31.25%) - -
ITSS-V 9 (56.25%) - -
Mean tumor size 51.74+12.41 38+14.56 0.003
Peritumoral edema 19(82.61%) 11 (61.11%) 0.123

Abbreviations: ADC, apparent diffusion coefficient; WM, white matter; SWI,
susceptibility weighted imaging; ITSS, intra-tumoral susceptibility signals;
ITSS-H, microhemorrhage; ITSS-C, calcification, ITSS-V, vascular channels.

*P<0.05 was considered significant.

Table 3. Comparison of MRI Findings of Benign Meningiomas With High-

Grade Meningiomas

Benign

High-Grade

Parameter Meningiomas Meningiomas P value
Mean tumor ADC value 0.85+0.11 0.91+0.09 0.76
Mean WM ADC 0.7+0.06 0.67+0.05 0.86
Mean ADC ratio 1.22+0.16 1.38+0.24 0.502
SWI(ITSS) positivity 13 (65%) 3 (100%) 0.22
ITSS-H 1(7.7%) 1(33.3%) 0.249
ITSS-C 5 (38.5%) - -
ITSS-V 7(53.8%) 2 (66.7%) 0.54
Mean tumor size 51.1+£13.2 56+4.4 0.54
Peritumoral edema 16 (80%) 3 (100%) 0.39

Abbreviations: ADC, apparent diffusion coefficient; WM, white matter; SWI,
susceptibility weighted imaging; ITSS, intra-tumoral susceptibility signals;
ITSS-H, microhemorrhage; ITSS-C, calcification, ITSS-V, vascular channels.

There was insignificant disparity (P=0.86) of mean white
matter ADC between benign (0.7 +0.06 x 10° mm?/s) and
high-grade meningiomas (0.67 +0.05x10° mm?/s). ITSS
was found in 13 benign meningiomas (65%) and three
(100%) high-grade meningiomas (Table 3). There was
insignificant variation in peritumoral edema (P=0.39)
and mean tumor size (P=0.54) between benign and high-
grade meningiomas.

Discussion

Meningiomas and schwannomas are common extra-axial
tumors which need accurate preoperative diagnosis as it
determines the surgical planning and prognosis.” DWI,
ADC, and SWI are advanced MRI techniques which
have been used in intracranial tumor imaging. We found
insignificant disparity in mean age and sex distribution
between meningiomas and schwannomas in this study.
However, we found male predominance in high-grade
meningiomas similar to previous studies.'>'¢

In this study, mean tumor ADC of meningiomas
(0.86+0.11 x 10*mm?/s, range: 0.67- 1.04) was lower than
schwannomas (1.32+0.16 x 10° mm?/s, range: 1.1-1.65).
The mean ADC ratio of schwannomas (2.0 +£-0.29, range:
1.45-2.58) was higher than meningiomas (1.24+/-0.17,
range: 0.83- 1.64). We found noteworthy disparity
in mean tumor ADC and ADC ratio on comparing
meningiomas and schwannomas. These findings are
comparable to those reported by Pavlisa and colleagues,’
who found mean ADC value of these tumors close to
our study. Schwannomas have loosely packed elongated
Schwann cells with cystic areas which may explain higher
ADC values compared to meningiomas.’

We found that presence of intratumoral
microhemorrhages was more suggestive of schwannomas
similar to previous studies.””” I'TSS-H was absent in one
case of vestibular schwannoma in our study which was
smallest in size. In this study, presence of calcification and
vascularity were in favor of meningiomas. The presence
of ITSS-H with a mean ADC value of >1.07 x 10°mm?/s
were more indicative of schwannomas in our study,
consistent with another study.®

We did not find any considerable variation in mean
tumor ADC and ADC ratio between benign and high-
grade meningiomas, similar to previous studies.***
This finding may be attributed to the fact that high-
grade meningiomas have microscopic necrosis along
with moderately increased cellularity which results in
overlapping ADC values and ratios.” There are however,
other studies showing considerable distinction in intra-
tumoral ADC values between benign and high-grade
meningiomas.”** This could be related to disparity in
histological subtypes, sample size, imaging protocols
etc. among these studies.® Bozdag and Er'* reported
that calcification occurs more frequently in benign
meningiomas in SWI as compared to high-grade
meningiomas, which is similar to our results.

Our study had small sample size with few high-grade
meningiomas which remains the chief limitation and
entails further study with more cases. We could not assess
inter-observer variability as the ADC values and ITSS in
SWI were evaluated by a single radiologist. We included
histopathologically proven tumors in the study; however,
we could not directly correlate the tumor areas evaluated
for ADC values and ITSS with histological findings as this
was a retrospective study.

Conclusion

Additional MRI findings like ADC values and ITSS
in SWI can help in better pre-operative diagnosis
of meningiomas and schwannomas, particularly in
challenging cases. The presence of microhemorrhages
with a mean ADC value of>1.07 x 10-3mm?2/s is more
indicative of schwannomas.
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