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Abstract:

h

Backgroun rpose: Differentiating paragangliomas from schwannomas and distinguishing

sporadic fr fibromatosis type 2 (NF 2)-related schwannomas is challenging but clinically

Ut

importa tudy aimed to assess the utility of dynamic susceptibility contrast perfusion MRI

A
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(DSC-MRI) and diffusion-weighted imaging (DWI) in discriminating infratentorial extra-axial

schwannomas from paragangliomas and NF2-related schwannomas.

{

Methods: spective study included 41 patients diagnosed with paragangliomas, sporadic
schwannomas, -related schwannomas in the infratentorial extra-axial space between April
I I

2013 and ust 2021. All cases had pretreatment DSC-MRI and DWI. Normalized mean apparent

diffusion cdéfficiefit (nADCmean), normalized relative cerebral blood volume (nrCBV), and

S5C

normalized relative cerebral blood flow (nrCBF) were compared between paragangliomas and

schwanno etween sporadic and NF2-related schwannomas as appropriate.

Results: nr

U

nrCBF were significantly higher in paragangliomas than in sporadic/NF2-related

schwannorfias (nrCBV: median 11.5 vs 1.14/3.74; p< .001 and .004, nrCBF: median 7.43 vs 1.13/2.85;

£

p<.001 and. spectively), while nADCmean were not. The corresponding diagnostic

ok

performan area under the curves (AUCs) of 0.99/0.92 and 1.0/0.90 with cutoffs of 2.56/4.22
and 1.9 respectively. nADCmean were lower, and nrCBV and nrCBF were higher in

NF2-rel n in sporadic schwannomas (nADCmean: median 1.23 vs 1.58, nrCBV: median 3.74 vs

M

1.14, nrCBF: median 2.85 vs 1.13; all p<.001), and the corresponding diagnostic performances were

[

AUCs of 0. nd 0.95 with cutoffs of 1.37, 2.63, and 2.48, respectively.

O

Conclusio Rl and DWI both can aid in differentiating paragangliomas from schwannomas

and spora rom NF2-related schwannomas.

§

:

Introdu

U

Infratentggi a-axial tumors are common and encompass a broad range of tumors including
paragangli and schwannomas."” These tumors can demonstrate classic features on
conventional | ing. Paragangliomas can be visualized on MRI as heterogeneously enhancing

tumors with flow voids or “salt-and pepper” signal appearance,®” while schwannomas can present

as heterogeneously enhancing tumors with cystic change or dumbbell-shaped appearance.®’
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However, these imaging findings are not specific and can overlap between paragangliomas and
schwannomas. As for anatomic location, infratentorial extra-axial paragangliomas and schwannomas
are mainly!b ved in the jugular foramen and cerebellopontine cisterns, respectively, but can
involve bo ic areas™’ and also involve the prepontine cistern.”® Definitive diagnosis relies
on pathglo—iicaccmfirmation such as biopsy, which is invasive and technically challenging in the
above locatigns, grthere multiple nerves and vascular structures course. Furthermore, schwannomas

can be link rofibromatosis type 2 (NF2), which commonly involves the bilateral vestibular

C

nerves. NFZ calf bdldiagnosed with the Manchester criteria, including bilateral vestibular

$

schwanno ly history of NF2, and other extra-axial tumors such as meningiomas and

U

ependymo owever, it is known that half of NF2 cases do not carry a family history of NF2

and unilat@gal vestibular schwannomas or other cranial nerve schwannomas can be observed in

f

NF2,'° whi diagnosis of NF2 challenging. NF2-related schwannomas can display rapid

growth,”®s8 e NF2 detection is important.

d

Recently, di n-weighted imaging (DWI) and perfusion MRI have been utilized for tumor

M

differentiation, gene mutation detection, and treatment monitoring by assessing internal

microstrucflire and vascularity of the tumors.'"*® Paragangliomas are known to be hypervascular

[

tumors wh nnomas show a relatively slow enhancement pattern compared to

O

paraganglio Also, there are differences in internal microstructure between the two tumors

3,10,17

and even bgtween sporadic and NF2-related schwannomas. There have been some studies

I

assessi ntiation of paragangliomas and schwannomas using dynamic contrast-enhanced

{

MRI,***® but assessment of dynamic susceptibility contrast perfusion MRI (DSC-MRI) and DWI for the

U

two tumor types aiad NF2 gene mutation status of infratentorial extra-axial schwannomas has not

been fu ated.

A
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In this study, we aimed to assess the utility of DWI and DSC-MRI for differentiation of intracranial
paragangliomas and schwannomas and discrimination of intracranial schwannoma NF2 gene

mutation stat

pt

Cri

Methods:
Study population

Our instigiéti eview board approved this retrospective single-center study and waived the

S

requirement for informed consent. Data were acquired in compliance with all applicable Health

U

Insurance R iify and Accountability Act regulations. We retrospectively reviewed clinical records

and imaging@ftrom 409 patients with pathologically confirmed intracranial paragangliomas and

n

schwannoma r institution between April 2013 and August 2021. We excluded patients who did

not have phgst ent MRI including dynamic susceptibility contrast perfusion MRl and DWI (n =

&

350), o where pre-treatment MRI imaging quality was too poor to evaluate (n = 14). In

M

additio cluded bilateral 4 vestibular schwannomas (n=4) because the Manchester criteria

includes bilateral vestibular tumors, which does not need imaging differential diagnosis. In total, 41

[

patients ( male:23; age 7-74 years) comprising a total of 12 intracranial paragangliomas

and 29 int schwannomas were included.

Among pasi ith schwannomas, there were 19 patients with sporadic schwannomas, and 10

1

patient sawi lated schwannomas. In the sporadic schwannomas group, all patients had

{

pathologically diagnosed schwannoma and did not meet the Manchester criteria for NF2'°. Two

patients underweall NF2 mutational analysis using blood with negative results of

{J

germline NE2 mutation or LZTR1 and SMARCBL1. In the NF2-related schwannomas group, all patients

F

had patholo iagnosed schwannomas and met the Manchester criteria. Eight patients had
unilateral vestibular schwannomas and intracranial meningiomas, and 4 out of 8 patients have family

history of NF2. Each of the two remaining patients had a trigeminal schwannoma or a jugular
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foramen schwannoma, multiple intracranial meningiomas, and family history of NF2. Eight patients
underwent NF2 mutational analysis with positive results of germline NF2 mutation using blood

samples.

MRI acqui

P

All MR iMOns were performed using 1.5T or 3T (Ingenia; Philips, Eindhoven, MAGNETOM
Vida; Siemens, Miwnich) using a 16-channel neurovascular coil. Acquired sequences included axial

T2WI, axial ial fluid-attenuated inversion recovery (FLAIR), and axial pre- and postcontrast

3D-T1WL. Iiwences using echo-planar imaging were performed with b-values of 0 and 1000

s/mm?” and wing parameters: repetition time range: 5000-8700 ms; echo time: range: 58—
106 ms; nu excitations: 1; slice thickness/gap: 4/0-1 mm,; field of view: 240 mm x 240 mm;
pixel size: g x 1.5 mm, and 3 diffusion directions.

DSC-MR formed following an intravenous bolus of total 20mL of gadobenate dimeglumine
(Multihance} diagnostics, Singen, Germany) using a power injector with a flow rate of 5.0
mL/s th§pheral arm vein, followed by a 20 mL saline flush. A 5mL of the contrast 5
minute dynamic perfusion scan. The parameters of fast field echo T2*-weighted

DSC-MRI sequence were as follows: plane = axial; repetition time = 1500-1920ms; echo time = 30—

50 ms; number o! excitations = 1; slice thickness = 4—4.4mm; slice increment = 5-5.2mm; field of

view = 220; matrix, 128 x 128-144 x 144; dynamic measurements, 40; temporal resolution,

1.5sec; tot tion time, 1min 4.5sec
Patient demographics

Patient hics such as age at diagnosis, sex for each patient, histological diagnoses, and

NF2 gene i@ status were reviewed from the medical records.

Imagin@ and analysis
Two board-certified radiologists with 7 (Y.0.) and 10 (E.L.) years of experience independently

reviewed conventional imaging findings and performed DWI and DSC-MRI analysis. The clinical

information, histopathological results, and imaging results were blinded to the two readers.
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Conventional imaging analysis

Maximal diameter of the tumors was evaluated on post-contrast axial fat saturated T1-weighted
images.Mcrotic changes were recorded as a binary variable using a combination of axial
TiWI, T2 pre- and post-contrast TAWI. As well, the enhancement pattern

(homoggmg_s versus heterogenous) was evaluated on pre- and postcontrast TIWI.

DWI analy,

A single freehand region of interest (ROI) was manually drawn on the axial postcontrast 3D-T1WI
at the slice st axial diameter, encompassing areas of solid enhancement and taking care to
avoid cystic or necfptic areas as well as adjacent vasculature. To avoid volume averaging artifact, the

peripheralﬁche lesions was excluded. Apparent diffusion coefficient (ADC) maps were

constructe mmercially available software (Olea Sphere, Version 3.0; Olea Medical). The

corresponwere again contoured on the ADC map with reference to axial postcontrast

3D-T1 ted to exclude geometric artifact as needed. As an internal control, a ROl was

placed within edulla oblangata. A normalized mean ADC ratio (nADCmean) was calculated by

2

dividing each lesion’s ADC value by the ADC value of medulla oblongata to adjust for the variation of

scanners as magnetic field strengths.
DSC-MRI o @

DSC—MRgna ysis also was performed using Olea Sphere. The arterial input function (AIF) was

automaticily com'uted. While this process was automated, the corresponding attenuation time

curves tha:trated a rapid increase in attenuation with sharp peaks were used for analysis.

Relative ce ood volume (rCBV) and relative cerebral blood flow (rCBF) maps were generated

with the ,‘# oxel-wise division of the area under the concentration-time curve by the area under
the AIF. ROIs wereplaced on the solid components of tumors with reference to axial postcontrast
T1W]I, following the same method used for ADC analysis. Additionally, 2 ROIs were placed on the

normal-appearing bilateral middle cerebellar peduncles to control for variation in magnet type and
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field strength. Normalized rCBF (nrCBF) and normalized rCBV (nrCBV) were calculated by dividing
rCBV and rCBF of the tumors by the corresponding averaged values of the reference. Representative
cases of in!a nial paraganglioma, intracranial sporadic schwannoma, and intracranial NF2-related

schwanno nstrated in Fig. 1, Fig. 2, and Fig. 3, respectively.

I I
Statistical @Qpalysis

Inter-redder a ments for conventional imaging variables such as cystic or necrotic changes and

CF

enhancem rns and numerical variables such as nADCmean, nrCBV, and nrCBF were assessed

S

using the kappa coefficient and the intraclass correlation coefficient, respectively. The result of a

U

board-certifi oradiologist with 7 years of experience (Y.0.) was applied. The conventional

imaging va es such as cystic or necrotic change and enhancement pattern

N

(homogeneo rogeneous pattern) were compared by Fisher exact test and maximum axial

diameter ared among paragangliomas, sporadic and NF2-related schwannomas.

d

nADCm -MRI parameters (nrCBV and nrCBF) were compared among paragangliomas,

%

sporadi 2-related schwannomas by Kruskal-Wallis H test and post hoc test with Bonferroni

correction. Following Kruskal-Wallis H test, each pair of tumor types (paragangliomas versus

r

sporadic s as, paragangliomas versus NF2-related schwannomas, and sporadic vs

NF2-relate nomas) were compared. The numerical variables were described as median

(interquarti ). For statistically significant parameters, receiver operating characteristic (ROC)

1

analysi ed with the optimal cutoff values which were determined to maximize the

t

Youden index (sensitivity + specificity - 1). All statistical calculations were conducted using R

software (version 4/1.1; R Core Team, Vienna, Austria). Variables with P-values of < .05 were

U

considered cally significant.

A
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Results: I '
Inter-reaa @ ent

|
The integreader agreements for conventional imaging variables such as cystic or necrotic change

and enhan e attern and numerical variables such as nADCmean, nrCBV, and nrCBF are

G

summarize e 4. The kappa coefficient and intraclass correlation coefficient were moderate to

good (kappa=0/568-0.609) and almost perfect (intraclass correlation coefficient= 0.923-0.950),

S

respectively.

U

Patient de ics

n

Patients aphics are summarized in Table 1. There were 12 intracranial paragangliomas (6
men, 6 womﬁan age 31 years [22-48]), 19 sporadic schwannomas (11 men, 8 women; median
age 50 1), and 10 NF2-related schwannomas (1 men, 9 women; median age 21 years
[16-53]). In | paragangliomas were located in the jugular foramen (12/12), sporadic

schwannomas in the cerebellopontine angle (vestibular nerve) (11/19), prepontine cistern

(trigeminaNgerve) (3/19), and jugular foramen (glossopharyngeal nerve, vagal nerve, or accessory

E

nerve) (5/ F2-related schwannomas were located in the cerebellopontine angle (8/10),
prepontine ¢ (1/10), and jugular foramen (1/10).
Conven ng

The con imaging features are summarized in Table 2. Cystic or necrotic change and

homogeneous enhgncement were seen in 9/12 and 2/12 cases of infratentorial extra-axial
paraga in 12/19 and 6/19 cases of sporadic schwannomas, and in 7/10 and 5/10 cases of
NF2-related schwannomas, respectively. There were no significant differences in conventional MRI

findings among intracranial paragangliomas, sporadic schwannomas, and NF2-related schwannomas.
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DWI and DSC-MRI analysis

Table 3 id Fiﬁ’e 4 represent the results of the Kruskal-Wallis H test and post hoc test with

Bonferronimong intracranial paragangliomas, intracranial sporadic, and intracranial

NF2-relate as, as well as the results of each pair of tumor types (paragangliomas versus
I I

sporadic sc@wannomas, paragangliomas versus NF2-related schwannomas, and sporadic vs

NF2-reIate®nomas).

Intracrani%nglioma vs. intracranial sporadic or NF2-related schwannomas

nADCmeﬁot significantly different between intracranial paragangliomas and sporadic or

NF2-related schwannomas (paraganglioma vs sporadic or NF2-related schwannoma: median 1.49
[1.19—1.58ig 1.58 ;1.45—1.80] or 1.23 [1.17-1.34]; p= .26 and .29, respectively). nrCBV and nrCBF
were high cranial paragangliomas than in intracranial sporadic or NF2-related
schwannomas (RTCBV median 11.5 [6.24-13.6] vs 1.14 [0.94-1.34] or 3.74 [2.86-4.84]; p < .001 and
p=.004, resp ; nrCBF median 7.43 [4.30-11.4] vs 1.13 [1.02-1.46] or 2.85 [2.51-4.04]; p < .001
and p= ively). In ROC analysis, nrCBV and nrCBF between intracranial paragangliomas

and intracrgial sporadic schwannomas showed 0.99 and 1.0 area under the curves (AUCs), 0.94 and
1.0 sensitivit and 1.0 specificity, 1.0 and 1.0 positive predictive value (PPV), 0.92 and 1.0
negative p@values (NPV), and 0.96 and 1.0 accuracy, with cut-off values of 2.56 and 1.94,
respectﬂand nrCBF between intracranial paragangliomas and intracranial NF2-related
schwannomas showed 0.92 and 0.9 AUCs, 0.70 and 0.70 sensitivity, 1.0 and 1.0 specificity, 1.0 and

1.0 PPV, 0.:77 NPV, and 0.85 and 0.85 accuracy with cut-off values of 4.22 and 3.36,

respectivel

Intracr@ic vs. NF2-related schwannomas

nADCmean was significantly higher in sporadic than in NF2-related schwannomas (sporadic vs

NF2-related schwannoma: median 1.58 [1.45-1.80] vs 1.23 [1.17-1.34]; p< .001). nrCBV and nrCBF
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were lower in sporadic than in NF2-related schwannomas (nrCBV: median 1.14 [0.94-1.35] vs 3.74
[2.90-4.84]; p < .001, nrCBF: median 1.13 [1.02-1.46] vs 2.85 [2.51-4.04]; p < .001). In ROC analysis,
nADCmMand nrCBF between intracranial sporadic and NF2-related schwannomas showed
0.93,0.91 s, 0.90, 0.90, and 0.80 sensitivity, 0.95, 0.94, and 1.0 specificity, 0.90, 0.90,

and 1.0’P .95,0.94, and 0.90 NPV, and 0.93, 0.93, and 0.93 accuracy, with cut-off values of

[]

Discussion

dc

This study aimed to test the utility of DWI and DSC-MRI to differentiate intracranial

.

paragangliomas, intracranial sporadic schwannomas, and NF2-related schwannomas. nADCmean

]

showed a significant difference between intracranial sporadic and NF2-related schwannomas with a

Q

diagnostic performance of 0.93 AUC, though was not significantly different when comparing

,.
C

intracranial paraga

>

gliomas vs. intracranial sporadic or NF2-related schwannomas. nrCBV and nrCBF

|

differentiated intracranial paragangliomas from intracranial sporadic and NF2-related schwannomas

\

and discriminated intracranial sporadic from NF2-related schwannomas, with diagnostic

performances of 0.99 and 1.0 AUCs and 0.91 and 0.95 AUCs, respectively.

[

Regardi alysis, there was a significant difference in nADCmean between sporadic and
NF2-related annomas. A pathological study suggested foci of hypercellularity in NF2-related

schwannoras as compared to sporadic schwannomas, without significant difference in presence of

1

I

cysticc pathological difference in cellularity could be a factor resulting in lower ADC

values in NF2-related schwannomas, as one prior study suggested in vestibular schwannomas.™

Ul

There was no sj cant difference in ADC values between intracranial paragangliomas and

intracra adic or NF2-related schwannoma. Insignificant differences in ADC values between

iy

paragangliomas and schwannomas were previously reported in prior studies using head and neck

paragangliomas and schwannomas, which imply that this could be due to the fact that both
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paragangliomas and schwannomas show a variety of histological patterns that can result in
heterogeneity of ADC values.™ The difference of ADC values between paragangliomas and

values ma le marker to distinguish between them. We normalized ADC values by

NF2-reIate! S:E:annomas has not been discussed in prior studies yet, but based on our result, ADC

medulla oblongata, which is less commonly affected by chronic microvascular disease or direct

[

tumor invasion.™

Regarding DSC:MRI, nrCBV and nrCBF were higher in intracranial paragangliomas than in

S

intracrania radic or NF2-related schwannomas. DSC-MRI technique can provide physiologic

information regarding tumor’s microvasculature and vascular permeability, and CBV and CBF are the

Ul

most com d parameters for brain tumor differentiation, tumor grading, and treatment

N

20-22
t.

response a However, this technique has not been often utilized for intracranial

extra-axialftu >1% paragangliomas are hypervascular tumors with prominent vascular structures,

d

and pri ing dynamic contrast-enhanced perfusion MRI (DCE-MRI) showed that fractional

plasma volume ch represents tumor’s microvascularity, was higher in paragangliomas than in

M

schwannomas.”™"" Our result suggests that CBV and CBF can also be promising parameters to

differentiaf€ paragangliomas and schwannomas. Interestingly, NF2-related schwannomas showed

[

higher CBV than sporadic schwannomas with diagnostic performance of 0.91 and 0.95 AUCs

O

in this study? studies have shown that vascular permeability can be related to schwannoma

23
’

growth d NF2-related schwannomas can grow faster than sporadic schwannomas.** DSC-MRI

q

techniq ore helpful to differentiate sporadic from NF2-related schwannomas than

{

DCE-MRI techniqu®, which revealed diagnostic performance of 0.90 AUC by permeability parameters

U

of Ktrans and Ve jagorior studies.’® Accurate diagnosis for head and neck tumors is highly important

becaus mor has different treatment strategies. For normalization of rCBV and rCBF, we

A

applied the averaged values of 2 regions of normal-appearing bilateral middle cerebellar peduncles,
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where rCBV and rCBF appeared stable in the middle cerebellar peduncle but variable in the medulla

oblongata. Applying the averaged values is believed to make our result robust.

I

In this st -MRI parameters distinguished intracranial paragangliomas and schwannomas
with promi tic performances. When conventional imaging is indecisive for differentiation
I I

of the two @mors and DCE-MRI cannot be technically performed, adding DSC-MRI can be helpful for
tumor diffgfentiatign. As well, intracranial sporadic and NF2-related schwannomas were
distinguished WI and DSC-MRI parameters. When NF2 gene mutation status is uncertain from a
patient’s clii€al gdanifestations and conventional imaging findings, adding DWI and DSC-MRI to the

head and neck pr§3col can be beneficial for distinguishing NF2-related from sporadic

schwannotthus assist in the appropriate clinical workup and treatment.

There wer al limitations in this study. First, this was a single institutional retrospective study
including a\gel small population. Further studies with a larger sample size would be necessary
to confi results. Second, a combination of 1.5 T and 3 T scanners were used, which may add
hetero o the calculated ADC and DSC-MRI parameters. However, utilizing normalized values

for DWI and DSC-MRI analysis to control for variation between different magnetic field strengths is

believed to make the results of ADC, rCBV, and rCBF robust. Third, DSC-MRI can have susceptibility

artifacts aterfaces or skull base area, which can obscure ROI placement. However, we
believed th cessfully managed susceptibility artifact by excluding the peripheral 2mm of the
tumorsﬁthe ROIs when this was observed. Finally, genetic tests were not performed for
most of thé®patients with intracranial sporadic schwannomas. However, these patients were not

suspected to hav;germline NF2 mutation given the Manchester criteria, and did not show any

evidenc%ted manifestations at follow-up.
In conclusion, bdth DWI and DSC-MRI can provide promising biomarkers for differentiation

between intracranial paragangliomas and schwannomas and for distinguishing sporadic and

NF2-related schwannomas, and can be beneficial for a proper clinical assessment.
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Tables

Table 1.

L

ographic and conventional imaging characteristics

P

- Sporadic NF2-related
s Paraganglioma
schwannoma schwannoma
Nthients 12 19 10
Sex (mai/total) 6/12 12/19 1/10
s;;e (years) 31(22-48) 50 (43-58) 21 (16-53)
Main mCPA, JF, PC) 12 JF 11 CPA,51JF,3PC 8 CPA, 1 JF, 1PC

CPA, cerebe

mediani{interquartile range).

Table 2 CoI MRI imaging findings

ine angle; JF, jugular foramen; PC, prepontine cistern; values presented as the

This article is protected by copyright. All rights reserved.

Sporadic NF2-related
Paraganglioma P-value
schwannoma schwannoma
Not
12 19 10
applicable



Maximum axial diameter (mm) 26 (23-38) 25 (17-34) 25 (20-30) .93

PreseHc or necrotic

Enhicement pattern
2/12 6/19 5/10 .27

ho@s/total)

9/12 12/19 7/10 51

Values areti’n,d as the median (interquartile range).

s of nADCmean, nrCBV, and nrCBF among intracranial paragangliomas,

intracrania sporadic and intracranial NF2-related schwannomas

p value®

Paraganglio Paraganglio  Sporadic

NF2-relate
Sporadic p ma ma
aragang d Vs
schwanno h valu Vs vs
schwanno
e’ NF2-relate
mas
sporadic NF2-related d

schwannom schwannom schwanno
a a ma

% 1.58
nADCme 1.23 <.00
(1.45— 1 p=.26 p=.29 p<.001
@ 58) (1.17-1.34)
1.80)

S 14

11.5 3.74 <00

nrCB (0.94- ' p< .001 p=.004 p< .001
“3.6) ’

2.86-4.84
1.35) ( )

3 285 _oo

nrCBF (1.03— L p<.001 p=.007 p<.001
-11.4) (2.51-4.04)
1.46)
nADCmean, normalized mean apparent diffusion coefficient; nrCBV, normalized relative cerebral

blood volume; nrCBF, normalized relative cerebral blood flow; P value®is based on Kruskal-Wallis H

test. P value®is adjusted for pairwise comparison by Bonferroni correction.
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Table 4. Inter-reader agreements for conventional imaging and quantitative analysis

Metrics Reader 1 vs. Reader 2

{

P

ic/necrotic change 0.660

E

Cr

Enha attern (homogeneous or
0.609
mterogeneous)
iADCmean 0.923
s nrCBV 0.950
m nrCBF 0.934
Inter-reader ents for conventional imaging findings were assessed by the kappa coefficient

IV

and for parameters was by intraclass correlation coefficient. nADCmean, normalized

mean appacent diffusion coefficient; nrCBV, normalized relative cerebral blood volume; nrCBF,

I

normalized relative cerebral blood flow

O

Auth
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Figures

Figure 1 I '

Figl. A 67-\H‘emale with paraganglioma in the left jugular foramen.

(a) Posts-weighted image shows a heterogeneously enhancing tumor in the left jugular

foramen. (!; A region of interest was placed on the ADC map. The calculated normalized ADC mean

was 1.35. (E&V and (d) rCBF were generated from DSC-MRI, and the corresponding nrCBV

and an<6 and 14.7, respectively.
nrCBV, normalized relative cerebral blood volume; nrCBF, normalized relative cerebral blood flow
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Figure 2

Fig2. A 37®—male with schwannoma in the left cerebellopontine angle.

(a) Postx-weighted image shows a heterogeneously enhancing mass in the left

cerebel gle. (b) The ADC map was generated. The calculated normalized ADC mean is
1.62. (c) The rCBV and (d) rCBF were generated from DSC-MRI, and the calculated nrCBV and nrCBF

were 0.85 3 respectively.

nrCBYV, elative cerebral blood volume; nrCBF, normalized relative cerebral blood flow
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Figure 3

Fig.3A 18

we. (O

(a) Post-cograst T1-weighted image shows a heterogeneously enhancing mass with a cystic

neurofibromatosis type 2 female with schwannoma in the right cerebellopontine

componenfiin the medial aspect, in the right cerebellopontine angle. (b) The ADC map was

¢

generated, calculated normalized ADC mean was 1.34. (c) The rCBV and (d) rCBF were

generated -MRI, and calculated nrCBV and nrCBF were 5.05 and 5.83, respectively.
nrCBV, no d relative cerebral blood volume; nrCBF, normalized relative cerebral blood flow

U
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Figure 4

nADCmean nrCBV
25 [ P-29 | » | P —o0% |
23 M p=26 L P<o01 I 1 — p<oo1 | P<.001 |
21 18
19 14
1.7 [ 12
L5 b
1.1 -1 6
09 T 4 —|
07 2 I=————"——|
0.5 4]
Paraganglioma Sporadic schwannoma NF2-related schwannoma Paraganglioma Sporadic schwannoma NF2-related schwannoma
nrCBF

18
16 [ P=.007 |

[ P<.001 Il p<.001 |

4 p——
2 —_ %

Paraganglioma  Sporadic schwannoma NF2-related schwannoma

Fig.4 Box-and-whisker plots of nADC, nrCBV, and nrCBF with Kruskal-Wallis H test and post hoc test

with Bonferron rection are shown. Boundaries of boxes represent 25th and 75th percentiles, and

W

lines in te medians.

[

nADCmea ized mean apparent diffusion coefficient; nrCBV, normalized relative cerebral

blood volu @ F, normalized relative cerebral blood flow
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