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Abstract

Background: CPA masses are uncommon lesions and usually have quite distinctive imaging features. Still, diagnosis
can be challenging in some cases, carrying a significant impact on the choice of treatment and surgical approach.
The purpose of this study was to validate the usefulness of MRI spectroscopy, diffusion, and susceptibility in the
characterization of CPA masses with the emphasis on the two commonest lesions: schwannomas and
meningiomas.

Results: The study included a total of 27 cases: schwannomas (n = 12), meningiomas (n = 7), epidermoid cysts (n =
2), two chondrosarcomas (n = 2), arachnoid cyst (n = 1), glomus tumor (n = 1), a meningeal metastasis (n = 1), and
an endolymphatic sac tumor (n = 1). DWI revealed: eight lesions showed low ADC (<1 × 10−3 mm2/s), 15 lesions
with intermediate ADC values (1–1.8 × 10−3 mm2/s), and 4 lesions had high ADC (>1.8 × 10−3 mm2/s.) Meningiomas
showed low to intermediate ADC values while schwannomas showed intermediate to high ADC values. A cut-off
ADC value of (1 × 10−3 mm2/s) is statistically significant in the differentiation of meningioma from schwannoma. A
myoinositol peak was in all 12 schwannomas and single meningioma while 6 meningiomas displayed alanine peak,
with a very good statistical significance. Remaining lesions revealed non-specific spectra. SWI made in 18 lesions
revealed signal voids in three schwannomas and glomus.

Conclusions: Though MRI features of CPA masses are distinctive in most clinical settings; MRI spectroscopy,
diffusion, and susceptibility can provide highly informative additional data in problematic cases. An intermediate to
high ADC value plus myoinositol peak and signal voids of micro-bleeds are highly suggestive of schwannomas. This
is in contrary to meningiomas displaying low to intermediate ADC and an alanine peak with no micro-bleeds. The
less common lesions revealed non-specific data.
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Background
CPA tumors represent 5–10% of all intracranial tumors
in adults and 1% of intracranial tumors in pediatrics [1–
6]. They combine diverse pathologies, with extra and
intra-axial localization of lesions [7–9]. Extra-axial le-
sions are more common and include vestibular schwan-
nomas, meningiomas, and epidermoid cysts that
represent the three most common masses of the CPA.
Other extra-axial lesions include arachnoid cysts, fascial
nerve, and trigeminal schwannomas. Also, a number of
intra-axial lesions exist, though they are rare in inci-
dence, and usually arise as the pedunculated brain stem
or intraventricular masses [10, 11].
MRI is considered the imaging modality of choice for

evaluating CPA masses owing to its excellent soft-tissue
contrast-resolution, multi-planar imaging capability, and
absence of beam-hardening artifact, the latest is hinder-
ing diagnostic capability of CT due to air-bone interfer-
ences [12, 13]. Usually, a conventional MRI examination
can be enough to establish an accurate diagnosis. How-
ever, there are several ambiguous cases, where MR ad-
vanced techniques can provide additional help [12, 13].
The “CISS” or the three-dimensional constructive inter-

ference in steady state is a refocused steady-state gradient-
echo MRI sequence, which enhances the fluid signal with
prolonged T2 relaxation and consequent high sensitivity
in the detection of small CPA masses, where they appear
as filling defects outlined by CSF [14–17].
Diffusion-weighted MRI is a non-invasive method that

measures the molecular diffusion and Brownian motion
of water protons. It is largely used in the evaluation of
intracranial and head and neck masses, where differenti-
ation between cellularity can give information about the
pathology of the mass. An ADC value is calculated and
shows an inverse correlation with tumor cellularity:
Hypercellular intracranial tumors exhibit low ADC
values while hypocellular tumors exhibit high ADC
values [18–21].
Susceptibility-weighted imaging (SWI) is a technique

that utilizes the magnetic property to create useful image
contrast. It uses a gradient echo sequence to combine
T2*-weighted “magnitude” image with a filtered “phase”
image. This combination is made to enhance
susceptibility-induced contrast between tissues, and thus
can show blooming in tiny blood products or early tiny
calcifications [22, 23].
Perfusion-weighed imaging (PWI) is a method that

provides information on cerebral physiology at the capil-
lary bed level (microvasculature). The T2* signal “loss” is
produced as a paramagnetic agent (e.g., Gadopentetate
dimeglumine) passes through the cerebrovascular system
because of local magnetic susceptibility. Thus, this tech-
nique can differentiate hypovascular from hypervascular
masses [24–26].

MR spectroscopy (MRS) is considered a non-invasive
means for characterization of the tissues according to
the phenomenon known as chemical shift, where the
MR frequency spectrum is received by nuclei resonating
at different frequencies [26–30]. Spectroscopy is largely
used in neurological imaging evaluation for both local
and diffuse disease. Regarding the CPA masses, MRS
can be difficult to be performed because of the adjacent
skull and bone artifacts making this technique used
mainly in large lesions [31–33]. MR spectroscopy has
been largely used in the characterization of multiple
intra- and extra-axial masses of the neuraxis. For intra-
axial lesions, grading of gliomas was made according to
variable NAA and choline metabolites, while extra-axial
masses show more variable metabolites [34–36].
CPA schwannomas and meningiomas are the most

common CPA mass lesions and are usually easily differ-
entiated by conventional methods using a number of
signs, including signal, enhancement pattern, dural tails,
obtuse angle, and intracanalicular extension +/- flaring.
However, atypical lesions can exit due to markedly varie-
gated histopathological types [35, 36].
The cranial neuro-advanced MRI techniques can be

also applied in the evaluation of CPA masses despite the
challenge of multiple air, bone, and fluid interfaces.
State-of-art MRI machines applying high spatial reso-
lution with the use of dedicated multi-channel coils can
overcome this anatomical challenge [37–39].. The aim of
this work was to evaluate the usefulness of additional
MRI techniques diffusion, SWI, and spectroscopy in the
characterization of CPA masses. A special emphasis was
made for the two commonest schwannomas and
meningiomas.

Methods
Study design and patient selection
The protocol of our prospective study had approval made
by the Institutional Review Board (IRB) of our university
hospital. Patient approval and informed consent were ac-
quired from all patients in a written form (by the patient
or a relative). (A) Inclusion criteria included the following:
only the adult population (≥18 years old) with: (a) ques-
tionable retro-cochlear pathology as referred to our radi-
ology department by otolaryngology or neuro-surgery
physician or (b) with incidental finding of CPA non-
vascular mass by routine imaging (CT or MRI). Exclusion
criteria included (a) pediatric population (<18 years), (b)
non-mass lesions (e.g., vascular loops), and primarily vas-
cular lesions (e.g., aneurysms) were excluded.

Clinical evaluation
All patients included in the study were subjected to [1]
full history taking and thorough clinical examination, [2]
laboratory investigations namely serum creatinine level,

Khaled et al. Egyptian Journal of Radiology and Nuclear Medicine          (2020) 51:137 Page 2 of 15



then creatinine clearance was calculated, using “Cock-
croft-Gault Equation”, [3] the medical ethics were con-
sidered and the study protocol was already approved by
the Institutional Review Board (IRB).

MRI imaging evaluation

A) All patients are examined on a 1.5 Tesla closed MRI
Scanner (Phillips Achieva, Phillips medical system,
Best, The Netherlands). This is a 32-channel closed
machine using a standard imaging head coil. Con-
ventional MRI sequences included T2WI (axial
across whole brain), T2WI (axial and coronal across
CPA), T1WI pre- and post-contrast: axial and cor-
onal across CPA, and axial FLAIR across whole
brain. T2WI (TR 4045 ms, TE 110 ms, FOV 23 ×
18.5 cm, flip angle 90 °, slice thickness 5 mm, and
inter-slice gap 1 mm), thin cut T2WI (TR 3360 ms,
TE 81 ms, FOV 17 × 15 cm, flip angle 90 °, slice
thickness 3 mm, and inter-slice gap 0.3 mm), thin
cuts T1WI (TR 500 ms, TE 10 ms, FOV 17 × 15 cm,
flip angle 90 °, slice thickness 3 mm and inter-slice
gap 0.3 mm), FLAIR (TR 10,000 ms, TE 140 ms,
FOV 23 × 23 cm, flip angle 90 °, slice thickness 5
mm and inter-slice gap 1 mm). CISS (TR 1055, TE
235, FOV 13 × 13 cm, flip angle 90 °, slice thickness
1 mm, and inter-slice gap 0.3 mm).

B) DWI (TR 2095 ms, TE 90 ms, FOV 23 × 18.5 cm,
flip angle 90 °, slice thickness 5 mm and inter-slice
gap 1 mm). The diffusion-sensitizing gradients were
applied three b-factors and are obtained including
0, 500, and 1000 s/mm2 in the axial plane. ADC
maps were automatically reconstructed for all DW
images and used for the measurement of ADC
values in regions of interest (ROIs) at the center of
the lesions. The ADC values were expressed in ×
10−3 mm2/s.

C) For SWI: These parameters used are TR 52 ms, TE
12ms, FOV 23 × 23, flip angle 20 °, slice thickness
5 mm and inter-slice gap 1 mm). Two phases are
generated: phase and magnitude images. This is
followed by a filtering technique of the two images.
The SWI is selectively done in lesions revealed by
conventional criteria as schwannoma or
meningioma.

D) For MRS: A single-voxel 1H-MR spectroscopy was
performed. A volume of interest (VOI) between 1
cm3 and 8 cm3 was placed on the lesion where the
largest possible voxel was positioned within the en-
hancing solid part of the brain lesion with minimal
contamination from the surrounding tissue. Two
spectra were acquired from the same VOI for every

case at [1] short TE (2000/31) (TR/TE) [2]. Long
TE (2000/144). Spectrum analysis was performed
using software spectroscopy within the MR scanner.
The intensities of the data points of the spectrum
between 0 and 4.00 ppm were selected and used as
input for the normalization and statistical analysis.
MR spectroscopy will be applied for solid non-
cystic lesions >1 cm in size.

E) For MR perfusion (TR 2300 ms, TE 40 ms, FOV 30
× 30, flip angle 75 °, slice thickness 3.5 mm and
slice gap 1 mm). PWI was performed with a first-
pass contrast-enhanced T2*W single-shot gradient-
echo sequence using a rapid bolus of 0.1 mmol/kg
of MRI contrast material (Gadolinium (Gadopente-
tate dimeglumine with a dose of 0.1 mmol/kg)
followed by 20 ml saline flush.). CBV maps, color-
coded perfusion maps as well as rCBV values and
time-intensity curves were analyzed. The PWI was
made only when feasible. It is made as an auxiliary
technique and not primarily included in our re-
search target.

Image analysis
The images were interpreted by two experienced senior
and junior “head and neck” radiologists, with 25 years
and 15 years of experience, respectively. The images are
analyzed as detailed below:
On conventional MRI sequence, the lesion was ana-

lyzed according to (a) T1 signal as compared to the
brain parenchyma (T1 hypo or iso), (b) T2 signal inten-
sity (hypo, iso, hyperintense compared to brain paren-
chyma or bright=CSF signal), (c) nulling on FLAIR, (d)
enhancement pattern graded as (hyper, hypo, or moder-
ate as compared to enhanced muscles) and described as
homogenous or heterogeneous), (e) the presence of cys-
tic changes, (f) its extension the IAC +/− flaring, (g) the
presence of dural tail, (h) the presence extra-cranial
extension.

A) On DWI images: the lesion was analyzed according
to whether it is hyper, iso, or hypointense to the
brain parenchyma, and the ADC are measured by
ROI of the solid non-necrotic portion. ADC value
was categorized to less than 1 × 10−3/cm2, from 1
to 1.7 × 10−3/cm2 and more than 1.8 × 103/cm2.

B) On SWI, the lesions were analyzed according to the
presence of intralesional signal voids that signify
intralesional hemorrhage or calcifications. The
findings are evaluated in filtered images and MIP
images to differentiate calcifications and
hemorrhages. The filtered phase images are
examined on this right-handed machine as follows:
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The hemorrhages appear low signal while calcifica-
tion appears of opposite signal intensity (high signal).

C) On CISS, the lesions were analyzed according to
their relation with the vestibule-cochlear nerve
whether (a) encasing, (b) abutting, (c) displacing, or
(d) none.

D) On MRS, the lesions were mainly analyzed
according to the presence of different metabolites.

E) On MR perfusion: the lesions were categorized as
hypo or hyperperfused on qualitative analyses of
generated maps, measuring relative perfusion of the
lesion as compared to normal temporal lobe
parenchyma (Relative Tumoral blood volume).

Statistical analysis
Data were fed to the computer and analyzed using IBM
SPSS software package version 20. The distributions of
quantitative variables (ADC-values) were tested for nor-
mality using the Kolmogorov-Smirnov test. For abnor-
mally distributed data, Kruskal–Wallis test was used to
compare between different groups and Mann-Whitney
test was assessed for pair-wise comparisons. The receiver
operating characteristic curve (ROC) was plotted to
analyze a recommended cutoff, the area under the ROC
curve denotes the diagnostic performance of the test.
Area more than 50% gives acceptable performance and
area about 100% is the best performance for the test.
The significance of the obtained results was judged at
the 5% level.

Results
This study included 27 cases with CPA masses that were
recommended for imaging and/or planned for surgical
resection of the tumor during 16 months of prospective
work, which started from 1-7-2018 until 30-11-2019.
This small sample size is because CAP masses are un-
common. The study included 14 males and 13 females
with no sex predominance. The age of studied patients
ranged with an age range from 20 to 60 years (with a
mean of 40 years) (Table 1).

The most common presenting symptom in our study
was sensorineural hearing loss (55.5%), followed by
headache (29.6%), then tinnitus (7.4%), then neuralgia
(3.7%), and facial palsy (3.7%) (Table 2).
All patients had conventional MRI techniques made

for them including T1, T2, FLAIR, thin cuts T1 and T2.
Also, CISS and DWI were made in all cases. SWI was
made in 18 patients (being reserved only for meningi-
omas and schwannomas). Perfusion (PWI) was made in
(made when only feasible and only auxiliary; not a pri-
mary technique in our research). MR spectroscopy was
made selectively for a total of 22 cases: The twelve
schwannomas, the seven meningiomas, the glomus le-
sion, chondrosarcoma, and endolymphatic sac tumor
(thus leaving three cystic lesions, two lesions <1 cm).
Out of our 27 patients, 12 (44.4 %) were diagnosed as

schwannomas: vestibular schwannomas (n = 10), trigem-
inal schwannoma (n = 1), and facial schwannoma (n = 1)
{two of the ten vestibular schwannomas were part of
NF2-neurofibromatosis type II}, seven (25.9%) were
meningiomas, epidermoid cysts (n = 2) and two chon-
drosarcomas (7.4% for each, one arachnoid cyst (n = 1),
glomus tumor (n = 1), meningeal metastasis in leukemia
(n = 1), and an endolymphatic sac tumor (n = 1).
All 27 lesions were T1 hypo-to-isointense (apart from

hyperintense foci in endolymphatic sac tumor). Seven-
teen lesions were T2 hyperintense: schwannomas (n =
9), meningiomas (n = 6), endolymphatic sac tumor (n =
1), and glomus tumor (n = 1). Seven lesions were bright
on T2WI: schwannomas (n = 2), epidermoid cyst (n =
2), chondrosarcoma (n = 2), arachnoid cyst (n = 1). Two
lesions were T2 iso-intense: schwannomas (n = 1) and a
meningioma (n = 1). A single meningeal metastasis 6
mm lesion was not appreciated neither on T1WI nor
T2W1 (only in post-GAD).
Nineteen lesions were hyper-enhancing: all the seven

meningiomas (n = 7), schwannomas (n = 9), chondrosar-
coma (n = 1), glomus tumor (n = 1), and the endolym-
phatic sac tumor (n = 1). Three showed moderate
enhancement: a schwannoma (n = 1) and chondrosar-
coma (n = 1) and meningeal metastasis. A single
schwannoma showed hypo-enhancement. Also, a single
schwannoma showed rim enhancement. Seven lesions
showed cystic changes in T2 and post-GAD images:

Table 1 Distribution of the studied cases according to their
diagnosis (n = 27)

Diagnosis No. %

Schwannoma 12 44.4

Meningioma 7 25.9

Epidermoid 2 7.4

Arachnoid cyst 1 3.7

Chondrosarcoma 2 7.4

Glomus 1 3.7

Meningeal metastasis 1 3.7

Endolymphatic sac tumor 1 3.7

Table 2 Distribution of the studied cases according to their
complaints (n = 27)

Complaint No. %

Sensorineural hearing loss 15 55.5

Headache 8 29.6

Tinnitus 2 7.4

Neuralgia 1 3.7

Facial palsy 1 3.7

Khaled et al. Egyptian Journal of Radiology and Nuclear Medicine          (2020) 51:137 Page 4 of 15



schwannomas (n = 5), chondrosarcoma (n = 1), and en-
dolymphatic sac tumor (n = 1). None of the meningi-
omas showed cystic changes. The three cystic lesions
(two epidermoid and arachnoid cysts) showed non-
enhancement.
Seventeen cases showed extension into the IAC:

schwannomas (n = 10), meningiomas (n = 5), chondrosar-
coma (n = 1), and endolymphatic sac tumor (n = 1).
Eleven lesions showed flaring of the IAC: all vestibular
schwannomas (n = 10) and endolymphatic sac tumor (n =
1). Eleven cases showed “dural tail”: all the seven meningi-
omas (n = 7), schwannomas (n = 3), and chondrosarcoma
(n = 1). Four lesions showed extra-cranial extension: men-
ingiomas (n = 2), chondrosarcoma (n = 1), and glomus
tumor (n = 1). Nulling on FLAIR was seen only in the sin-
gle case of an arachnoid cyst (Table 3).
SWI was done for eighteen patients (n = 18), six of

them showed “signal voids” within the lesion: four
schwannomas (n = 4), glomus tumor (n = 1), and endo-
lymphatic sac tumor (n = 1). None of the meningiomas
and remaining lesions showed any signal void.
Out of a total of 27 patients, fourteen lesions were hy-

perintense, nine were iso-intense, and four were hypoin-
tense on DWI. Eight lesions had low/restricted ADC
values <1 × 10−3 mm2/s, fifteen lesions had intermediate
ADC values between 1 and 1.8 × 10−3 mm2/s and four le-
sions had high ADC of >1.8 × 10−3 mm2/s (refer to Fig. 1
showing chart representative of different ADC values
among different pathologies).
Out of seven meningiomas: four had ADC values less

than 1 × 10−3 mm2/s and three meningiomas had ADC
values between 1 and 1.7 × 10−3 mm2/s. Ten schwanno-
mas had ADC values between 1 and 1.7 × 10−3 mm2/s
(nine vestibular and one facial), one VS ADC value less
than 1 × 10−3 mm2/s), while the trigeminal schwannoma
had high ADC value more than 1.7 × 10−3 mm2/s. The
two epidermoid cysts as expected showed restricted
ADC values <1 × 10−3 mm2/s. The arachnoid cyst had a
high ADC value of 3 × 10−3 mm2/s. The single metasta-
sis was hyperintense on DWI and had ADC value 0.5 ×
10−3 mm2/s. The one chondrosarcoma had a high ADC
value of 2 × 10−3 mm2/s. The second chondrosarcoma

and the glomus tumor had intermediate ADC values be-
tween (1 and 1.7 × 10−3 mm2/s). The endolymphatic sac
tumor was hypointense on DWI and had ADC value 2.1
× 10−3 mm2/s (Table 4).
Out of the 27 patients, six patients had MR perfusion

imaging done: Three of which were hypoperfused (two
vestibular schwannomas and chondrosarcoma). The
other three were hyperperfused (three meningiomas). A
hypoperfused curve showed slow upstroke and progres-
sive slope rising above plateau suggestive hypocellular
and hypovascular matrix, which retains the contrast.
This is in contrast to the hyperperfused curve which
shows rapid upstroke followed by T2* recirculation due
to susceptibility created by the passage of gadolinium.
This is followed by a slow return of the re-circulation
curve to the baseline.
Regarding spectroscopic spectral analysis, all the

twelve schwannomas (n = 12) and a single meningioma
(n = 1) showed myoinositol peak, while six meningiomas
(out of total 7) showed alanine peak. A statistical test
showed the statistical significance of metabolite markers
of underlying lesions. A myoinositol as a diagnostic
marker of schwannoma and alanine as a marker diag-
nostic of meningioma. Chondrosarcoma and a glomus
tumor showed non-specific lactate peaks, while endo-
lymphatic tumor-ELT showed a non-readable spectrum,
presumably due to contamination by bone marrow fat.
Metabolites of intra-axial lesions (e.g., choline) are not
stressed in our study (Table 5).
Final diagnosis was made as follows: eight of ten ves-

tibular schwannomas undergone surgical resection,
while two cases of bilateral vestibular schwannomas—
(NF2) were diagnosed by approved clinico-radiological
criteria and genetic testing. Six of seven meningiomas
were resected, with the last case reserved for follow-up.
Facial schwannoma and trigeminal schwannomas re-
served for follow-up. The two epidermoid cysts are
resected. The arachnoid cyst is left for follow-up. The
glomus jugulare tumor was resected. The two chondro-
sarcomas and the endolymphatic sac tumor were diag-
nosed by endoscopic biopsy. The decision for the
metastatic case was followed up as part of the leukemia

Table 3 Evaluation of different conventional signs of CPA masses

Diagnosis χ2 MCp

Schwannoma (n = 12) Meningioma (n = 7) Other (n = 8)

No. % No. % No. %

Extension into IAC 10 83.3 5 71.4 2 25.0 6.785* 0.032*

Flaring of IAC 10 83.3 0 0.0 1 12.5 16.181 <0.001*

Dural tail 3 25.0 7 100.0 1 12.5 13.773 <0.001*

Extra-cranial extension 0 0.0 2 28.6 2 25.0 4.042 0.125

χ2 chi-square test, MC Monte Carlo
p: p value for association between different categories
*Statistically significant at p ≤ 0.05
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management plan. Follow-up of CPA masses is usually
made at 6–12months according to clinical and radiological
criteria for patient status and for tumor type and size.
As the study is emphasizing schwannomas and men-

ingiomas, the findings of both pathologies are detailed:
The study included twelve schwannomas (n = 12): Ten
are vestibular (n = 10), one facial (n = 1), one trigeminal
(n = 1). The ten vestibular schwannomas detailed as (a)
eight (80%) hyperintense, 1 (10%) bright, and one (10%)
iso-intense on T2WI, (b) eight (80%) were hyper-
enhancing after contrast administration: Five (62.5%)

showed homogenous enhancement and three (37.5%)
showed heterogeneous enhancement. One (10%) ves-
tibular schwannoma was hypo-enhancing and another
(10%) showed rim enhancement, (c) four (40%) showed
cystic changes, (d) three (30%) were hyperintense in dif-
fusion image, six (60%) iso-intense, one (10%) hypoin-
tense, (e) nine (90%) had ADC values between 1 and 1.7
× 10−3 mm2/s and 1 (10%) had ADC value <1 × 10−3

mm2/s, (f) five cases of vestibular schwannomas had
SWI signal voids, (g) all cases (n = 10) are encasing the
8th nerve on CISS, (h) all (n = 10) showed myoinositol
peak and one showed additional lactate/lipid peak, (i)
perfusion performed on 3 cases revealed hypoperfused
curve, (j) nine (90%) acoustic schwannomas showed ex-
tension into the IAC with flaring, (k) three (30%) showed
dural tail after contrast enhancement. Refer to Figs. 2
and 3 showing cases of vestibular schwannomas.

Fig. 1 Chart showing the distribution of ADC values among different CPA pathologies

Table 4 Evaluation of different conventional signs of CPA
masses

Diagnosis χ2 MCp

Schwannoma
(n = 12)

Meningioma
(n = 7)

No. % No. %

Diffusion

Hyper 4 33.3 7 100.0 7.359* 0.019*

Iso 6 50 0 0.0

Hypo 2 16.7 0 0.0

ADC value

<1 1 8.3 4 57.2 5.135* 0.042*

1–1.7 10 83.4 3 42.8

≥1.8 1 8.3 0 0.0

χ2: chi-square test, MC Monte Carlo
p: p value for association between different categories

Table 5 Comparison of myo-inositol and alanine peaks on MRS
between meningiomas and schwannomas

Diagnosis χ2 MCp

Schwannoma
(n = 12)

Meningioma
(n = 7)

No. % No. %

Myo-inositol peak 12 100.0 1 14.3 25.622* <0.001*

Alanine peak 0 0.0 6 85.7 17.925* <0.001*

χ2: chi-square test, MC Monte Carlo
p: p value for association between different categories
*Statistically significant at p ≤ 0.05
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Meningiomas (n = 7) showed the following: (a) four
(57.2%) were T2 hyperintense and three (42.8%) was iso-
intense on T2WI, (b) all the seven (100%) were homoge-
nously hyper-enhancing with no cystic changes, (c) All
the seven (100%) were hyperintense on DWI, (d) four
(57.2%) had ADC values less than 1 × 10−3 mm2/s and
three (42.8%) had ADC value between 1 and 1.7 × 10−3

mm2/s, (e) five cases had SWI done; none of which
showed signal voids, (f) four (57.1%) cases were encasing
8th nerve, one (14.3%) showed contact, while one
(14.3%) was displacing it. The nerve was not involved
with one case (14.3%), (g) six cases (85.7%) showed ala-
nine peak, and a single case showed myoinositol peak,
(h) three showed hyperperfused curves, (h) five (71.4%)
cases showed extension into the IAC; none showed flar-
ing of the IAC, (i) all the seven (100%) showed dural tail

and two (28.6%) showed extra-cranial extension. Refer to
Fig. 4 showing imaging features of meningioma.
The single case of trigeminal schwannoma showed

typical features similar to the vestibular variant (Fig. 5).
Also, morphological and functional features of one of
two chondrosarcomas and the single paraganglioma are
shown in Figs. 6 and 7, respectively.

Discussion
CPA masses are usually uncommon lesions. This ac-
counts for the small sample size of our study. Though
our study showed no significant sex predominance, it
showed some preponderance in the fourth and fifth de-
cades. This agrees with studies made by Sonowal et al.
[27] and Haque et al. [39], who reported that the peak
incidence of CPA masses to be in the fifth decade. Still,

Fig. 2 A 60-years-old male presented with right sensorineural hearing loss. A right CPA space-occupying lesion is seen. This is hyperintense on
T2WI (a), hypointense on T1WI (b), showing homogenous, solid and moderate post-contrast enhancement on T1WI+C (c), hyperintense on
diffusion image (d) showing intermediate ADC value 1.14 × 10−3 mm2/s (e), signal voids on SWI (f), showing hypoperfusion in perfusion map (g)
and hypoperfused curve on PWI (h), with myo-inositol peak on MRS (i). The findings were matching with the final diagnosis of the right
CPA schwannoma
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Mersha HB [5], Maaly et al. [8], and Singh et al. [35] re-
ported younger peak incidence in the third and fourth
decade [5, 8, 35]. Our study included 14 males and 13
females, with a nearly 1:1 ratio. In agreement with a
study by Mersha et al. [5], our study showed no gender
predilection. However, it did not agree with Singh et al.
[35], who reported female predominance, while Hari
et al. [36] reported slight male preponderance. The ab-
sence of gender predilection in our study is most prob-
ably due to the small sample size.
The most common presenting symptom in our study

was sensorineural hearing loss (37.1%). This agreed with
most of the reported studies including Shakweer et al.
[6], Maaly et al. [8], who reported a sensorineural

hearing loss as the most common presenting symptom
in CPA masses.
As expected, acoustic schwannoma represented the

most common CPA lesion (37%), followed by meningi-
oma (25.9%). This correlated well with most of the prior
studies conducted by Shakweer et al. [6], Maaly et al. [8],
and Springborg et al. [40]. The third commonest lesions
were both epidermoid cyst and chondrosarcoma; the last
two mentioned occurred in equal proportions (7.4%).
The epidermoid cyst constituted the third commonest in
most of the studies, while chondrosarcomas were unex-
pectedly equal to epidermoid in incidence. Also, our
study also included one arachnoid cyst (3.9%), one glo-
mus tumor (3.7%), one metastasis (3.7%), one

Fig. 3 A 21-years-old male patient with a known diagnosis of NF2 came for follow-up. Bilateral CPA space-occupying lesions are seen. They are
hypointense on T1WI (a), hyperintense, extending into and widening the IACs on T2WI (b), showing heterogenous post-contrast enhancement
on T1WI+C (c, d), showing signal voids of micro-bleeds on SWI (e, f). The right mass shows hyperintense signal in diffusion with ADC value =1.2
× 10−3 mm2. The left is hypointense on DWI with ADC value of 1.5 × 10−3 mm2 (g). They showed myo-inositol peak on MRS. The findings were
matching with the final diagnosis of NF2 with bilateral CPA schwannomas
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endolymphatic sac tumor (3.7%), one trigeminal schwan-
noma (3.7%), and one facial schwannoma (3.7 %).
The most prevalent lesions; schwannomas, counted

twelve in number: ten arose from the vestibular nerve,
one from the facial nerve, and last one from the trigemi-
nal nerve. The imaging features of vestibular schwanno-
mas are discussed in the following section, while VII and
V schwannomas are discussed later with uncommon le-
sions. Regarding T1 signal of schwannoma: all are
hypointense on T1WI. For T2 signal, eight (80%) were
hyperintense, one (10%) was bright, and one (10%) was
iso-intense on T2WI. This is expected for hypocellular
nature and high fluid content that prolongs the

relaxation of the lesion in T2 and shortens in T2. Our
findings correlated well with Shakweer et al. [6] reported
78.5% of acoustic schwannomas to be hypointense on
T1WI. Maaly et al. [8] reported that the majority of
acoustic schwannomas were been iso-intense on T1WI
(91.7%) and on T2WI (58.3%). On the other hand,
Haque et al. [39] reported 84% of acoustic schwannoma
to be hyperintense on T2WI.
Following GAD, vestibular schwannomas showed vari-

able patterns of enhancement. Eight vestibular schwan-
nomas (80%) were hyper-enhancing after contrast
administration: five (62.5%) homogenous and three
(37.5%) showed heterogeneous enhancement. One

Fig. 4 A 31-years-old female with left CPA space mass lesion. The mass is seen iso-intense on T1WI (a), T2 hyperintense and extending into the
IAC without widening (b, c), showing homogenous post-contrast enhancement, with a dural tail on T1WI+C (d), displacing the 8th cranial nerve
on CISS (e), hyperintense on DWI (f), low ADC value 0.8 × 10−3 mm2 (g), expressing alanine peak on MRS (h). The T2 hyperintense signal was not
usual for meningioma still broad-based appearance and dural base suggested meningioma, with additional support by spectroscopy and
diffusion data. Surgical resection revealed meningioma
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vestibular schwannoma showed (10%) hypo-enhancement
and another one (10%) showed “rim enhancement”. The
variable enhancement patterns of acoustic schwannomas
correlated with literature reported findings reported
by Shakweer et al. [6], Kapoor et al. [38], Haque
et al. [39], and Maaly et al. [8], the latest reported
acoustic schwannoma to show homogenous hyper-
enhancement in approximately 57% of the cases and
heterogeneous enhancement in 43% of the cases.
Though intracanalicular extension is not specific, stat-
istical significance revealed the sign of flaring to be
significant as a marker of VS. Three (30%) acoustic
schwannomas showed dural tail after contrast en-
hancement. On the contrary, all meningiomas (n = 7)
showed a dural tail. Still, a statistical significance test
revealed dural tail is significantly expressed in men-
ingiomas, versus IAC extension as being a sign of
acoustic schwannoma.

In our study, 60% of acoustic schwannomas (n = 10)
were iso-intense on diffusion image and 90% of them (n
= 9) had ADC values ranging between 1 and 1.7 × 10−3

mm2/s, with a mean value of 1.3 × 10−3 mm2/s. A study
by Farhan et al. [41], reported 61% of their cases to be
iso-intense on DWI, still having a higher mean ADC
value of 1.61 × 10−3 mm2/s, meaning that schwannomas
are generally not restricted and instead are mainly diffu-
sive on DWI. Also, a study by Pavlisa et al. [42] reported
a mean ADC value of 1.67 × 10−3 mm2/s. The higher
ADC of schwannomas is probably related to less cellular
areas of the tumor. In larger schwannomas, there is a
predominance of the loose textured and cystic areas
(Antoni type B), resulting in higher water diffusion [41,
42]. However, in smaller schwannomas, there is a pre-
dominance of Antoni type A cells mounting to highly
cellular tumors and thus lower ADC values and this may
be the cause of low ADC values in some schwannomas.

Fig. 5 A 22-years-old male patient with a right CPA mass. This is seen hypointense on T1WI (a), hyperintense with hypointense foci (likely due to
hemorrhage) on T2WI (b), showing heterogenous post-contrast enhancement, with T1WI+C (c), extending along and encasing the 5th cranial
nerve reaching Meckel’s cave on CISS (d), showing signal voids on SWI (e), hypointense on DWI (f) with high ADC value 2.3 × 10−3 mm2/s (g)
showing myo-inositol peak on MRS (h). These findings were matching with the final diagnosis of the right CPA trigeminal schwannoma
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Thus, schwannomas have a wide range of restriction and
ADC values; the majority usually show mild restriction
and ADC values more than 1 × 10−3 mm2/s [43]. Our
measured ADCs values are yet smaller than comparable
literature results, likely due to more cellular variants.
This variable cellular pathology can also explain for the
variegated T2-signals of schwannomas. This can be dis-
played as iso-intense hyperintense and even bright. Also,
variable enhancement pattern is likely also explained by

the variable cellular pattern; the higher cellularity corre-
lated is linked to intense contrast enhancement as a re-
sult of more tumoral cellular uptake. On the other hand,
the hypocellular nature of lesions could lead to lower
uptake of interstitial contrast and thus hypo-
enhancement, or may paradoxically allow for retention
and accumulation of contrast in the loose hypocellular
stroma and thus hyper-enhancement of the mass. How-
ever, in perfusion (PWI), the intravascular bolus depends

Fig. 6 A 42-years-old male patient presented with a headache. Images revealed a right CPA mass involving the clivus bone on one side (off-
axial), iso-intense on T1WI (a), hyperintense on T2WI (b), showing homogenous post-contrast enhancement, on T1WI+C (c), seen hyperintense
with hypointense foci on DWI with ADC value 2 × 10−3 mm2/s (d, e), not involving the 8th nerve on CISS (f), showing high choline peak on MRS
(g) hypoperfused on MRP map and curve (h, i). These findings were matching with the final diagnosis of right chondrosarcoma
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on intravascular and not interstitial uptake of the contrast
and the generated curves depend on vascular network
density. So, schwannomas are expected to show a hypo-
perfused curve which a slow upstroke and progressive
slope rising above plateau [43–45]. This hypoperfusion
pattern was seen in two of the schwannomas in our study.
The role of CISS was only to evaluate the neural contact

of CPA mass with the vestibulocochlear nerve. In our study,
all the acoustic schwannomas (100%) were encasing the
vestibulocochlear nerve; the latter not identified separately
with evidence of neuronal degeneration in one case. Nine
(90%) acoustic schwannomas showed extension into the
IAC with smooth flaring. The CISS and 3D diffusion with
variable B-values show the smallest 6mm lesion, which was
diagnosed as a meningeal leukemic deposit (6mm).

In SWI images (done in 18 cases), three out of five
schwannomas (60%) showed blooming signal voids,
which are not calcifications. Saravanan et al. [23] re-
ported SWI-related blooming in all their schwannoma
cases and none in meningiomas [23]. A similar study by
Mishra et al. [43] reported blooming voids in all schwan-
nomas while a single meningioma showed blooming that
proved to be calcifications on CT [43]. The etiopatho-
genesis of these non-calcified blooming signal voids is
yet not clarified, still, the different hypothesis suggests
them to be mixed micro-bleed and fibrous stroma.
Moreover, these were suggested as the precursor of cys-
tic changes in schwannomas and could be quite differen-
tiating point of the schwannomas. None of the
meningiomas in our study revealed signal voids [43].

Fig. 7 A 38-years-old female with left pulsatile tinnitus. A left CPA mass is seen likely an extension from jugular foramen (widened and destroyed
on CT). This is iso-intense on T1WI (a), hyperintense on T2WI and showing salt and pepper appearance (b), showing avid post-contrast
enhancement on T1WI+C (c), hyperintensity on DWI with ADC value 1.1 × 10−3 mm2/s (d, e), foci of blooming on SWI (f) and high choline and
lactate peaks on MRS (g). Conventional imaging findings are typical of the final post-excisional biopsy of the left glomus jugulare tumor.
Additional imaging data of spectroscopy septra was non-specific
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The second commonest lesion, “meningiomas”,
counted seven cases (25.9%). In T2WI, six lesions
(85.7%) were unexpectedly hyperintense and one case
(14.3%) was iso-intense on T2WI. This finding disagreed
with most literature, including made by Shakweer et al.
[6] and Maaly et al. [8], who stated that meningiomas
were T2-iso-intense in 66.6% and 71.4% of their cases,
respectively [6, 8]. Still, our finding agreed with a study
by matching Mersha et al. [5], who reported 80% of their
cases to be T2 hyperintense. The variability in T2 signal
intensities of meningioma is due to their different histo-
logic subtypes (fibroblastic, transitional, syncytial, angio-
blastic, or mixed) where each subtype results in different
T2 signal intensity. Syncytial and angio-blastic subtypes
have hyperintense T2 signal where the remaining types
have iso-intense to hypointense T2 signal [25].
Also, all the seven meningiomas (100%) were homoge-

nously hyper-enhancing with no cystic changes. All the
seven meningiomas (100%) were hyperintense on DWI.
Four (57.2%) had low ADC values less than 1 × 10−3

mm2/s and three (42.8%) had intermediate ADC value be-
tween 1 and 1.6 × 10−3 mm2/s. Farhan et al. [41] reported
77.8% of their meningioma case to be iso-intense on DWI,
with a low ADC value of 0.97 × 10−3 mm2/s. Similar low
to intermediate ADC values were reported by Pavlisa et al.
[42], ranging between 0.87 and 1.1 × 10−3 mm2/s.
Comparing ADCs of meningiomas and vestibular

schwannomas: Schwannomas had prevalent values in the
range of 1–1.7 × 10−3 mm2/s (nine out of ten) with an
additional single case of <1 × 10−3 mm2/s. Comparatively,
meningiomas displayed more restricted low ADC values,
nearly 60% showing ADC <1 × 10−3 mm2/s. These results
are in good agreement with those published by Farhan
et al. [41] and Pavlisa et al. [42]. Thus, it is obvious that
meningiomas almost always restrict with low to inter-
mediate ADC values generally lower than that of schwan-
nomas. Our statistical analytical tests revealed a statistical
significance of different ADC values that separate the two
pathologies: meningiomas and schwannomas, being lower
for the former mentioned. Still, there may be an overlap of
both lesions in intermediate ADC values reflected by high
cellular schwannomas.
Comparing MRS applied in our study, all acoustic

schwannomas (100%) showed myo-inositol peak and one
case showed lactate/lipid peak. Shakweer et al. [6] reported
that schwannomas showed myo-inositol peak and high
choline peak. They also stated the cause of the presence of
myoinositol peak in schwannomas is unknown. However, it
is likely because myo-inositol exists in schwann cells and is
associated with microglial activation and astrogliosis, a fea-
ture that is present in schwannoma. The lipid peak that
was seen in a schwannoma case may be attributed to intra-
lesional cystic changes or necrosis. However, it is not spe-
cific for diagnosing schwannoma. Comparatively, six cases

of meningiomas (85.7%) showed alanine peak and one
(14.3%) case showed myo-inositol peak. Shakweer et al. [6]
also reported that meningiomas showed alanine and glu-
tamate peaks as well as high choline peak and low NAA
peak. Gujar et al. [45] reported that meningiomas showed
alanine peak, high choline peak, low NAA peak, and some-
times glutamate peak at 2.35 ppm.
The three epidermoid and arachnoid cysts in our study

showed typical literature-described features of non-
enhancement, with nulling on FLAIR by arachnoid and
marked diffusion hyperintensity of epidermoid showing
low ADC of 0.6 × 10−3 mm2/s. Still, spectroscopy ana-
lysis of our epidermoid was distorted and non-readable,
compared to research by Poptani et al. [44], reported
some lactate peak in these cystic lesions.
The two cases of chondrosarcomas had osseous epi-

centers at the petrous apex with intradural extra-axial
component pedunculated and secondarily extending into
CPA. They showed a bright chondroid matrix on T2WI
with avid enhancement. MR perfusion performed on
one case was hypoperfused as expected for its matrix.
Such conventional and functional data just correlated
with findings reported by Kothary et al. [46]. Also, both
lesions showed high ADC values of 1.5 × 10−3 mm2/s,
which is helpful to differentiate such lesions from off-
line chondromas; the latter showing lower values of 1.2
× 10−3 mm2/s, as reported by Muller et al. [47] while
chondrosarcoma have a mean higher ADC values up to
2.1 × 10−3 mm2/s. Though Kumaran et al. [48] reported
NAA peak in chondrosarcoma, our case revealed non-
specific lactate peaks at all. This may be attributable to
many to bone/air interfaces degrading spectra.
The glomus jugular lesion pedunculated as CPA mass

showed typical salt and pepper appearance with avid en-
hancement and unexpectedly intermediate ADC of 1.11 ×
10−3 mm2/s, questionably due to hemorrhages and fibrosis
intervening between the vascular spaces inside the lesion.
Aschenbach et al. [49] reported glomus tumors to have a
mean ADC value of 1.3 ± 0.2 × 10–3 mm2/s. Spectrum
from glomus revealed a high choline/creatine ratio and a
lactate peak. Maheshwari et al. [50] who reported a glo-
mus tumor to be a benign tumor with a high choline/cre-
atine ratio. The trigeminal schwannoma showed T2 bright
signal and hyper-enhancement with a high ADC value 2.3
× 10−3 mm2/s. The facial schwannoma shows T2 hyperin-
tense signal with an intermediate ADC value of ADC
value 1.2 × 10−3 mm2/s, seen continuous with dilated fal-
lopian/VII canal. These were just similar to published lit-
erature criteria [51, 52]. A limitation for our study is the
small sample size with only a total of 27 patients, 12
schwannomas, and only 7 meningiomas. It is recom-
mended for additional work of a larger patient sample size
and with the incorporation of other dedicated techniques
(e.g., T* dynamic perfusion).
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Conclusions
Though MRI features of CPA masses are distinctive in
most clinical settings, MRI spectroscopy, diffusion, and
susceptibility can provide highly informative additional
data in problematic cases. An intermediate to high ADC
value plus myo-inositol peak and signal voids of micro-
bleeds are highly suggestive of schwannomas. This is in
contrary to meningiomas displaying low to intermediate
ADC and an alanine peak with no micro-bleeds. The less
common lesions revealed non-specific data.
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