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Diagnostic Efficacy of Signal Intensity Ratio and
Apparent Diffusion Coefficient Measurements in
Differentiating Cerebellopontine Angle Meningioma
and Schwannoma

Mustafa Bozdag' @, Ali Er' @, Stimeyye Ekmekciz &

Objective: To investigate the efficacy of Signal Intensity Ratio (SIR) measurements of T2-weighted imaging (T2WI) and
Apparent Diffusion Coefficient (ADC) values of ADC mapping in the differentiation of schwannomas and meningiomas
originating from the CPA.

Materials and Methods: A total of 30 patients who were pathologically diagnosed (16 meningiomas, 14 VS) were included
in this retrospective study. SIR was calculated by proportioning regions of interests (ROIs) measurements of solid regions of
the tumor and occipital subcutaneous adipose tissue in TZWI. In ADC maps, ADC_ and ADC__ values were obtained by

placing ROIs inside the solid parts of the tumor. Groups were statistically analyzed using the Mann-Whitney U test, indepen-
dent-sample t-test, receiver operating characteristic (ROC) curve analyses, and Pearson correlation test.

Results: SIR, ADC__ , and ADC_ values were 0.61+0.08, 0.858+0.101x10= mm?/s, 0.815+0.099x10- mm?/s for
meningioma group; and 0.80+0.12, 1.272+0.148x10° mm?/s, 1.232+0.148x10-* mm?/s for VS group, respectively.
These parameters were statistically lower in the meningioma group compared to the VS group (p<0.001 for all). A positive
correlation was observed between SIR and ADC values among the total group (r=0.694, p<0.001 for both). ROC analysis
showed that the diagnostic performance of ADC parameters was better than the SIR parameter in differentiating menin-
gioma from VS. The cut-off values in differentiating meningioma and VS were determined as 1.027x10~® mm?/s for ADC
and 0.980x10-* mm?/s for ADC__ with 100% sensitivity.

Conclusion: While both ADC and SIR values are useful in differentiating between VS and meningioma, ADC values have
higher diagnostic efficacy compared to SIR.
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INTRODUCTION

Cerebellopontine angle (CPA) tumors constitute 6-10% of all cranial tumors (1). Vestibular schwannoma (VS) is
the most common tumor to originate from this region (80-90%), followed by meningioma (5-10%) (2). Contrast-
enhanced magnetic resonance imaging (MRI) is the gold standard imaging method in identifying CPA tumors. In
most cases, CPA meningioma and schwannoma can be differentiated with conventional MRI; however, in some
cases, imaging findings of these tumors may show significant overlapping in conventional MRI. Preoperational
differentiation of these two tumors is essential and changes the treatment approach, especially surgical technique
and prognosis. While the enlarged translabyrinthine approach is preferred in schwannomas, the retro-sigmoid
approach is recommended in CPA meningiomas to preserve hearing function (3-5). CPA meningioma operations
carry a lower risk of cranial nerve VII and VIII injury, though a higher rate of remission (6).

Schwannomas and meningiomas are generally hypo- or iso-intense in T1 weighted imaging (T1WI), whereas in
T2 weighted imaging (T2WI), schwannomas generally show heterogeneous hyperintensity, and meningiomas
show homogenous iso-intensity and hyperintense signal patterning (7, 8). Therefore, differences in signal in-
tensity in T2WI may be useful in differentiating schwannomas from meningiomas. In addition to conventional
MRI sequences, Diffusion-Weighted Imaging (DWI) also provides information on the histological and biological
characteristics of brain tumors. In DWI, the contrast of the image is based on the motion of water molecules (9).
High intratumoral cellularity obstructs the free motion of water molecules, referred to as restricted diffusion (10).
The magnitude of restricted diffusion can be measured using Apparent Diffusion Coefficient (ADC) values from
ADC maps. ADC values show a strong inverse correlation with tumoral cellularity (11). Previous studies have
determined that ADC values are useful in differentiating various cerebral tumors, such as malignant from benign
meningiomas, low from high-grade gliomas, high-grade gliomas from metastases (12-14). Recent studies also
demonstrated many associations of ADC parameters estimated from the region of interest (ROI) and histogram-
based methods with different histopathological features, such as the Ki-67 index, cellularity, cell count in several
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Example of image analysis. A contrast-enhancing solid mass is located on the right cerebellopontine angle (a).
On the axial T2W image (b), ROIs are placed into the solid tumor and occipital subcutaneous fat. Signal intensity ratios
of these lesions are calculated. On the ADC map (c), ROIs of the same size are carefully placed on the same regions cor-

responding to axial T2WI. ADC

mean

tumors, including meningioma (15-18). There are few studies in
the literature that have investigated the benefits of DWI in differen-
tiating between schwannomas and meningiomas (19, 20).

In our study, we investigated the efficacy of signal intensity ratio
(SIR) on T2WI and ADC values in differentiating schwannomas
and meningiomas of CPA origin.

This retrospective study was approved by the Izmir Tepecik Train-
ing and Research Hospital Local Ethics Committee (approval
date: 02.13.2019 issue number: 2019/2-13). We performed a
radiology report database search in our hospital databases for the
cases between November 2014 to January 2019 and found 185
patients reported to be “meningioma” (119 patients) or “schwan-
noma” (66 patients). In this study, we reviewed the images of 119
meningioma, 66 schwannoma cases. From schwannoma patients,
22 spinal cord, nine extremities, four trigeminal, one mandibu-
lar, and one parotid gland schwannoma cases were excluded from
this study. The remaining 29 schwannoma tumors were originat-
ing from the CPA. Of the 119 meningioma cases, there were 24
meningioma cases that arise from the CPA. From 29 schwannoma
and 24 meningioma cases, we excluded 17 patients who did not
have a surgical invention, and we identified 36 patients who had
undergone an MRI study before surgical intervention and had a
pathological diagnosis of meningioma or schwannoma originating
from the CPA. At last, we excluded six patients from this study. The
exclusion criteria were as follows: (a) history of previous surgery or
treatment of radiation therapy; (b) tumors smaller than 10 mm in
diameter; (c) MRI without DWI study; (d) obvious motion artifacts
on ADC maps which prevent accurate measurements. Finally, 14
schwannoma and 16 meningioma patients (16 female and 14
men) were enrolled in this study. The mean time interval between

and ADC_, values were calculated from these ROls

imaging and surgical invention was 9.8+10.3 days (range, 1-40
days) for meningioma cases and 21.5+14.7 days (range, 4-45
days) for schwannoma cases.

All brain MRI examinations of patients were performed using
a 1.5 Tesla (T) scanner system (Aera, Siemens, Erlangen, Ger-
many) using head coils. Patients underwent conventional MRI
and DWI during the same procedure. DWI was obtained before
the administration of the contrast medium. The conventional MR
imaging protocol included: axial and sagittal TIW spin-echo (SE)
sequence with repetition time (TR)/echo time (TE)=390/8.9ms,
slice thickness (ST)=5 mm, field of view (FOV)=25 cm, and matrix
size=240x320; axial and coronal T2W turbo spin-echo sequence
(TSE) with TR/TE=5600/102 ms, ST=5 mm, FOV=25 cm, and
matrix size=240x320; and axial fluid-attenuated inversion recovery
(FLAIR) sequence with TR/TE=10370/82 ms and inversion time
(IT)=2638. After intravenous administration of a single 0.1 mg/
kg bolus dose of gadolinium, contrast-enhanced tri-planar TIW SE
(TR/TE=390/8.9 ms) images were obtained. The DWI study was
performed in the axial plane using a spin-echo, echo-planar imag-
ing sequence with the following parameters: TR/TE=5600/115,
FOV=230 mm, matrix size=192x192, slice thickness=5. DWI was
performed with b values of 0 and 1000 s/mm?. ADC maps were
automatically reconstructed on a post-processing workstation.

Conventional MR, DWI sequences were assessed by a radiologist
(MB) who was blinded to the histopathological information of the
patients. First, the tumor size was measured defined as the maxi-
mum diameter on contrast-enhanced T1WI. For quantitative signal
analysis, SIR was calculated on the same image, defined as the
signal intensity of the tumor divided by the signal intensity of the
occipital subcutaneous fat as reference tissue (Fig. 1). The signal
intensity of the tumor was measured using the average score from
5 ROI, which was obtained by manually positioning ROIs (10-40
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Table 1. Demographic characteristics, maximum tumor size, ADC__ , ADC_ , and SIR measurements for meningioma and schwannoma groups

Parameter Meningioma group (n=16)
Gender (F/M) 9/7

Age (Year) 53
Range 48-79
Maximum tumor size (mm) 37.18+14.55
Range 20-62
ADC__ (x107* mm?/s) 0.858+0.101
Range 0.707-1.027
ADC_, (x107* mm?/s) 0.815+0.099
Range 0.684-0.980
SIR 0.61+0.08
Range 0.47-0.74

Schwannoma group (n=14) p
7/7 0.7322
48
0.006¢
33-69
27.35+9.22
0.035°
14-42
1.272+0.148
<0.001°
0.983-1.485
1.232+0.148
<0.001°
0.944-1.423
0.80+0.12
<0.001°
0.54-0.98

ADC: Apparent diffusion coefficient; SIR: Signal intensity ratio; F: Female; M: Male; mm: Millimeter. Values are given as mean values+SD for maximum tumor size, SIR,

ADC , and ADC

‘min’ mean

parameters and as median values for patient age parameter; p: significance level for all pairs. a: Comparisons were performed using the Chi-square

test; b: Comparisons were performed using the independent-sample t-test; ¢ Comparisons were performed using the Mann-Whitney U test

mm?) on T2W images inside the solid regions of the tumor. Solid
regions of the tumor were determined as the enhanced area of
the tumor corresponding to the contrast-enhanced-T1W sequence.
The ROIs were placed strategically, avoiding hemorrhagic, cystic,
and calcified regions using T2W and cranial CT images as refer-
ence. The signal intensity of the reference occipital subcutaneous
adipose tissue was measured as the average of three ROIs of less
than 5 mm? placed on the same axial T2W image slice. Signal
intensity measurements were made by a radiologist (MB) who was
blinded to the pathological data of the subjects.

For qualitative analysis of DWI, ADC measurements were per-
formed using a Syngo workstation (Siemens, Erlangen, Germany).
The ADC values were obtained by manually placing 5 uniform
oval ROIs (10-40 mm?) inside the solid parts of the tumor on the
ADC maps in the same slice where SIR was measured (Fig. 1).
Finally, the mean ADC (ADC___ ) values were calculated, and the
lowest ADC value was chosen as the minimum ADC (ADC__ ) from
these ROIs. Careful attention was paid to obtain signal intensity
and ADC measurements from the same areas of the tumor.

Statistical analysis was performed using SPSS (Statistical Package
for Social Sciences version 22.0, SPSS Inc., Chicago, lllinois,
USA). Each parameter was calculated as the mean=standard devi-
ation (SD). The normality of distribution of the parameters was as-
sessed using the Shapiro-Wilk test. The Shapiro-Wilk test revealed
that tumor diameter, SIR, ADC__ , and ADC__ variables followed
a normal distribution, and the patient age variable did not follow
a normal distribution. Therefore, the statistically significant differ-
ences of maximum tumor diameter, SIR, ADC__, and ADC___
parameters between two independent groups were evaluated with
the independent-sample t-test. The Mann-Whitney U test was used
to explore the differences in patient age between two indepen-
dent groups. In the relations between categorical variables, the chi-
square test was applied. The correlation analysis between the SIR
and ADC values was performed using Pearson’s product-moment

correlation. A value of p<0.05 was considered statistically signifi-
cant. Receiver operating characteristic (ROC) analysis was used to
determine a cut-off value to evaluate the diagnostic performance of
the ADC_ , ADC__ , and SIR values in differentiating CPA menin-
gioma and schwannoma. Specificity, sensitivity, Youden index,
and area under the curve (AUC) were calculated.

Among a total of 30 patients (16 female and 14 male), 14 patients
were histologically diagnosed with schwannoma, and 16 patients
with meningioma were included in this study. Of the meningioma
cases, 14 were histologically Grade I (13 meningothelial, 1 fibrous)
meningioma and 2 were Grade II. Demographic characteristics, tu-
mor diameter, ADC__, ADC___, and SIR values are summarized in
Table 1. There was no significant difference between sexes among
the two groups (p=0.732). The median age of the meningioma
group was significantly higher compared to the schwannoma
group (53 and 48, respectively; p=0.006). The maximum lesion
size was significantly higher in the meningioma group compared
to the schwannoma group (p=0.035). ADC___, ADC__ , and SIR
values were significantly lower in CPA meningioma patients com-
pared to schwannoma patients (p<0.001 for all). The comparison
of ADC_, , ADC__ and SIR values of the two groups is demon-
strated in the box plot graph (Fig. 2).

ROC curve analyses of the differentiation of meningioma from
schwannoma are demonstrated in Figure 3. ADC__ and ADC__
were found to have better diagnostic efficacy in differentiating be-
tween schwannoma and meningioma compared to SIR parame-
ters. The cut-off, AUC, Youden index, sensitivity, and specificity
values of ADC___, ADC_ and SIR parameters are shown in Table
2. ADC__ values were <=1.027x103 mm?/s and ADC_,_values
were <=0.980x10 mm?/s, in all meningioma patients. ADC val-
ues of VS patients were higher than that value except for one case.
ADC__ , and ADC__ values of that VS case were 0.983x1073
mm?/s and 0.944x10-3 mm?/s, respectively (Fig. 4). There were
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Table 2. ROC results of ADC__ , ADC_ and SIR parameters for differentiating VS and CPA meningioma

Parameter AUC Cut-off
ADC__ (x1073 mm?/s) 0.987 1.027
ADC_, (x107* mm?/s) 0.991 0.980
SIR 0.875 0.74

Sensitivity Specificity Youden
92.86 100 92.86
92.86 100 92.86
71.43 100 71.43

ROC: Receiver operating characteristic; ADC: Apparent diffusion coefficient; SIR: Signal intensity ratio; AUC: Area under the curve

significantly positive correlations between ADC___ values and SIR
values on T2WI (r=0.706, p<0.001) and ADC_, values and SIR
values (r=0.711, p<0.001) in all patients included in this study
(Fig. 5). Sample CPA meningioma and schwannoma cases are
shown in Figure 6 and Figure 7, respectively.

The two most common extra-axial angle tumors of the CPA are
the schwannoma (80-90%) and meningioma (5-10%). These two
tumors differ in prognosis and treatment approaches. Thus, ac-
curate preoperational diagnosis is important. With its high soft-
tissue resolution and multiplanar evaluation capability, MRI is the
preferred imaging method in evaluating CPA tumors. The benefits
of imaging findings of computed tomography (CT) and MRI in radi-
ologic differentiation between schwannoma and CPA meningioma
have been previously described in detail (21). Findings of the broad
dural base, eccentric placement to the internal auditory canal,
and contrasting in adjacent dura known as dural tail support CPA
meningioma, while elongation towards the internal auditory canal,
central placement, and heterogenous contrasting are indicative of
schwannoma (22-24). Overlapping of imaging features or lack of

specific findings makes it difficult to distinguish between the two
tumors. According to a previous study, approximately 25% of the
CPA meningiomas are incorrectly diagnosed as schwannoma (25).

ADC values measured from ADC maps with DWI can be used
to distinguish the two tumors. In our study, we investigated the
efficacy of ADC___and ADC___values in differentiating these two
tumors. ADC___ and ADC___ values were significantly lower in
meningiomas compared to schwannomas (p<0.001 for both). Our
results were similar to the findings obtained by Yamasaki et al. and
Pavlisa et al. (19, 20). Both studies found that ADC____ values sig-
nificantly lower in CPA meningiomas compared to schwannomas.
Other than that, few studies have investigated the utility of whole-
tumor histogram analyses of ADC maps as a different technique in
distinguishing VS from CPA meningioma and they reported that
histogram analyses could also be useful in this differentiation (26,
27). Low intratumoral ADC values are related to high cellularity
(11). Furthermore, ADC values derived from various measurement
methods (predominantly histogram analysis based parameters) had
shown their potential in reflecting many histopathological features
in different tumors (17, 18, 28-31). Meningiomas have a rela-
tively higher density of tumor cells and high nucleus/cytoplasm ra-
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Representative images of a 50-year-old-man with left vestibular schwannoma (VS) shows mild-hyperintensity
on axial T2WI (arrow) and a minimal extension of the lesion into the internal auditory canal (a). The lesion shows mild
hyperintensity on the DWI map (b), isointensity on the ADC map (c) compared to the white matter of normal appearance
and the calculated ADC (0.94x10-% mm?/s) is lower than the optimum cut-off value
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Correlation graphs between ADCmean and SIR, ADCmin and SIR values of all subjects

tio leading to restricted diffusion, in turn, is associated with low
ADC values. In contrast, schwannomas are composed of both
compactly organized cell regions (Antoni A) and loosely arranged
hypocellular regions (Antoni B). Water diffusion occurs more easily
in hypocellular Antoni B regions, which manifests as high ADC val-
ues. Although ADC measurements were made from solid regions
outside of cystic-necrotic areas in conventional MRI, the presence
of undeterminable intratumoral microcystic regions in MRI may
have contributed to the relatively high ADC values.

SIR was calculated by measuring the ratio of mean tumoral signal
intensity of CPA meningioma and schwannoma to the intensity of

occipital subcutaneous adipose tissue in T2WI. To our knowledge,
our study is the first study n the literature to use the SIR tech-
nique in differentiating between CPA meningioma and schwan-
noma. In our study, SIR values were significantly higher in CPA
schwannomas compared to meningiomas (p<0.001). Schwanno-
mas are generally more hyperintense and heterogeneous in T2WI
compared to meningiomas. Small schwannomas are generally ho-
mogeneous and histologically consist of Antoni type A cells, and
as they increase in size, they become more heterogeneous and
increased ratio of Antoni Type B cells, leading to a cystic pattern
(32). This vields the heterogeneous hyperintense appearance of
schwannomas on T2WI. Meningiomas are generally homogeneous
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Representative images of a 45-year-old-man with right vestibular schwannoma (VS). Axial contrast-enhanced
T1WI (a) demonstrates a heterogeneously enhanced mass located in the right CPA area without internal auditory canal
involvement (arrow). Axial T2W image (b) shows heterogeneous iso-hyperintensity inside the mass. The solid areas of
VS display isointensity on DWI (c) and mild-hyperintensity on the ADC map (d) compared to the white matter of normal
appearance. Demonstrative signal intensity and ADC measurements with ROIs on axial T2WI (b) and the ADC map (d)

Representative images of a 53-year-old-man with right meningioma. A mass is located in the right cerebellopon-
tine angle, showing homogeneous enhancement on axial contrast-enhanced T1WI (a) and mild-hyperintensity on axial
T2WI (b). Note that contrast-enhanced T1WI (a) shows a minimal extension of the lesion into the internal auditory canal
(arrow). The lesion shows mild hyperintensity on the DWI map (c) and isointensity on the ADC map (d) compared to the
white matter of normal appearance. Demonstrative signal intensity and ADC measurements with ROIs on axial T2WI (b)

and the ADC map (d)

on T2WI, and intratumoral cystic changes are rare and due to
hemorrhage and aggressive nature (33). In our study, central cystic
changes were seen in two patients with Grade Il meningioma. As
a result, our findings support that low ADC___, ADC__ , and SIR
values support meningioma diagnosis, while high values support
the diagnosis of schwannoma.

Since calcification may cause hypointensity in meningiomas, we
measured signal intensity from contrasted solid regions outside
of calcification using non-contrasted brain CT as a reference.
In addition, we previously mentioned the presence of relatively
higher cellularity in meningiomas. High cellularity may cause
low ADC values along with decreased tumoral signal intensity on
T2WI (32). Indeed, our study found a highly positive correlation
between ADC__ , ADC_ , and SIR values in meningiomas and
schwannomas.

min’

Retrospective analysis of our data showed distinct inconsistency
in ADC (ADC__ =1.027x10® mm?/s, ADC_ =0.980x107

mm?/s) and SIR (0.47) values in a case with pathological diag-
nosis of fibrous meningioma. High ADC values of histologically
fibrous meningioma can be explained by its relatively low cellular
density compared to other meningioma subtypes (34). Also, the
more hypointense appearance on T2WI compared to the generally
iso- mild hyperintensity, which arises from denser regions of the
collagen matrix, manifests as lower SIR values (35).

According to ROC analyses, ADC values yielded better perfor-
mance than SIR values in differentiating between the two tumors.
Despite the clear overlapping in SIR values of both tumors, this
was observed much less in ADC__and ADC_, values. Yamasaki
et al. (19) compared ADC values in countless brain tumors and
found prominent overlapping in ADC___ values between menin-
giomas and schwannomas, which was inconsistent with our find-
ings. However, in a newer study by Pavlisa et al. (20), which only
included meningiomas and schwannoma tumors, there was no
overlapping between ADC__ , which was more consistent with
our study. The meningioma group of Pavlisa et al.’s study was
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also dominantly Grade [ meningioma; however, there was no pa-
tient with Grade Il meningioma in our study. Also, in our study,
except for one patient, all of the Grade I meningioma patients
was of meningothelial histological subtype, while Pavlisa et al.’s
study did not mention histological subtype. We believe the narrow
interval of ADC values of the meningioma group compared to
the schwannoma group was due to the histological homogeneity
of the meningioma patients. In a DWI study distinctly on the his-
tological subtypes of meningioma, high ADC values (>1.00x10-2
mm?/s) in addition to wide ADC intervals were noted in secretory,
psammomatous, and transitional subtypes (36).

In our study, we determined the optimum cut-off values for ADC
and SIR values for distinguishing the two tumors (Table 2). In the
literature, Samadow et al. (37) defined an optimum cut-off value as
0.983x107 mm?/s for ADC___ with 100% sensitivity and 96.3%
specificity, and the results were closer to our findings, but the study
sample size was low as in our study. Other authors did not define
a threshold value in their studies (19, 20). We think that further
studies with a higher number of cases are warranted to define a
threshold value. In our study, we found ADC values of all menin-
gioma patients were lower than or equal to cut-off values. ADC
value of only one VS case was lower than the cut-off values. The
tumor size of this case (17 mm) was relatively smaller than other
VS cases (Fig. 4). As mentioned before, small schwannomas are
generally composed of Antoni A cell areas that exhibit a more
compactly packed architecture and less microcystic areas, resulting
in relatively low ADC values. Furthermore, intratumoral microhe-
morrhages are frequently seen in VS, and sometimes only appear
as susceptibility signals on susceptibility-weighted imaging (SWI) or
T2 * gradient-echo sequences (38). These microhemorrhages may
be another reason for measuring lower ADC values in this case.

Our study had some limitations. First, the design of our study
was retrospective. Secondly, the patient sample size was small.
In addition, as mentioned above, except for three patients in the
meningioma group (2 atypical meningiomas, 1 fibrous menin-
gioma), all other patients constituted a single pathological group.
There is a need for further studies with a larger patient population,
more pathological subtypes, including Grade III (anaplastic) menin-
gioma, comparing schwannoma and meningioma patient groups.
Secondly, tiny intratumoral hemorrhages, which can be identified
SWI or T2* gradient-echo sequences, but indistinguishable in con-
ventional MRI sequences, that mostly occur in schwannomas, may
have affected our ROI measurements. Further studies involving SWI
or T2* gradient-echo sequences could be planned for the future.
Last, only ADC_ , ADC___ and SIR were obtained by manually
drawing ROlIs on several solid parts of the tumor. However, tumor
heterogeneity and tissue characteristics of the whole tumor can be
quantified more comprehensively by whole lesion and histogram-
based approaches compared to ROI measurement methods.

In conclusion, SIR on T2WIland ADC__ and ADC_ values from
ADC maps were significantly lower in CPA meningiomas com-
pared to schwannomas. While both ADC and SIR values are use-
ful in differentiating between these two tumors, ADC values hold
higher diagnostic efficacy compared to SIR.
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