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: Major statement

i This study proposes a practical, clinically
relevant approach to pre-operative grading

i of meningioma, using a multiparametric MRI
protocol that combines diffusion-weighted

¢ imaging (DWI) with susceptibility-weighted
i imaging (SWI).

. SUMMARY

i Zaher ANH, Allam KE, Darwish EAF, Teiba

: MKA. Pre-operative grading of meningioma
using multiparametric magnetic resonance

¢ imaging with inclusion of diffusion weighted
imaging and susceptibility weighted imaging

i Aim: Meningiomas, one of the most prevalent
primary central nervous system tumors among
i adults. They were previously studied qualita-

© tively using several morphological characteris-
{ tics to detect their hiological behaviour. How-
i ever, many of these studies were controversial
© dueto variable sample sizes and subjectivity in
¢ their assessment.

Method: study evaluated the benefits of

a multi-parametric MRI method comparing

i morphological data and advanced quantitative
i diffusion and semi-quantitative SWI

i parameters in the pre-operative grading of
meningiomas. We investigated 36 patients

i recruited from the neurosurgery out who had

i extra axial masses with features of meningioma
© in MRL

Results: A total of 36 patients were recruited

and underwent routine MRI of the brain, fol-
: lowed by DWI and SWI. Morphological features,
like tumor size, unclear TBI, lobulated tumor
i margins, heterogenous contrast enhancement,

Hlavni stanovisko prace

Studie navrhuje prakticky, klinicky relevantni
pristup k predopera¢nimu hodnoceni menin-
giom( pomoci multiparametrického protokolu
MR, ktery kombinuje difuzné vazené zobrazeni
(DWI) s citlivostné vdzenym zobrazenim (SWI).

SOUHRN

Zaher ANH, Allam KE, Darwish EAF, Teiba
MKA. Piedoperacni stanoveni gradingu me-
ningeomu s pouZitim magnetické rezonance
vcetné difuzné vazeného a susceptibilné
vazeného zobrazeni

Cil: Meningiomy patfi mezi nejcastéjsi primarni
nadory centrdlniho nervového systému u do-
spélych. Dosud byly studovany kvalitativné

s vyuzitim nékolika morfologickych charakte-
ristik k detekci jejich biologického chovani.
Mnohé z téchto studif vsak byly kontroverzni
kvali variabilni velikosti vzork( a subjektivité
pfijejich hodnoceni.

Metoda: Studie hodnotila vyhody
multiparametrické metody MR porovnavajici
morfologické ddaje a pokrocilé kvantitativni
difuzni a semikvantitativni parametry SWI
v pfedoperacnim hodnoceni meningiomd.
Zkoumali jsme 36 pacientd z neurochirurgické-
ho oddélent, ktefi méli extraaxidlni masy s rysy
meningiomu v MR.

Vysledky: Celkem bylo zafazeno 36 pacientd,
ktefi podstoupili rutinni MR mozku, ndsledo-
vanou DWI a SWI. Morfologické znaky, jako
velikost nadoru, nejasné TBI, lobuldrni okraje
nadoru, heterogenni kontrastnf zvyrazné-
ni, byly vyznamné castéjsi u meningiomd



: were significantly higherin high grade menin-
i giomas. Low grade meningiomas had signifi-
cantly higher Mean ADC value and normalized

¢ form of ADC (n ADC) in the tumor (ratio be-

i tween tumor and normal side in ADC). Cut off

: value of the mean ADCand n ADCin the tumor
for the high grade were <0.7126 and < 0.9469
¢ respectively. ITSSs seen in SWI, showed sig-

¢ nificant difference between both groups where
the most common grade seen in low grade
meningiomas was grade 1 and the most com-

: mon grades seen in high grade meningiomas
were grades 2 and 3, seen equally. Sensitivity

i ofthe n ADCin the tumor was (85.71%) and
specificity was (96.55%) with diagnostic accu-
i racy (86.7%). While sensitivity of SWI to detect
¢ high grade tumors was (85.71%), specificity

¢ was (68.97%) and accuracy was (72.22%).

i Therefore, the combination between (SWI &
DWI) as diagnostic tools, increased sensitivity
: to 87.5%, specificity to 100%, and diagnostic
accuracy to 97.2%. Combination between DWI

¢ and SWI also narrows down cases where SWI
helps excluding cases of very low grade and

: high grade and saves DWI for differentiation of
i casesin between.

Conclusion: High grade meningiomas in con-
¢ ventionalimages were strongly associated with
i large tumor size, unclear TBI, lobulated tumor
margins, heterogenous contrast enhancement,
: midline shift and intratumoral cysts. While

in advanced techniques like DWI, high grade

© meningiomas were strongly associated with

. lower mean ADC values in the tumor, n ADCin

© the tumor, and more ITTSSs (grade 2, 3) using

: SWI. Combination of the quantitative DWI

and semi-quantitative assessment of SWI led

¢ totheincrease of sensitivity, specificity and

i diagnostic accuracy and less time consumption
for preoperative grading of meningiomas.

i Key words: Magnetic resonance imaging. Men-
¢ ingioma, Radiological grading, Histopatho-
i logical grading, DWI, SWI.

INTRODUCTION

Meningiomas originate from arachnoid
meningothelial cells. Their frequency
rises with age with a mean diagnosis
age of 65 and a strong female predispo-
sition (1, 2).

Meningiomas are graded histopatho-
logical based on the most recent World
Health Organization (WHO) categories,
which places 3% of incidence as atypical
meningiomas with malignant variations
(WHO grade III), 7% as WHO grade II,
and 90% of cases as WHO grade I (3).

Low grade (grade I) meningiomas
are well circumscribed lesions with be-
nign histopathological characteristics,
on the other hand, high grade (grades
IT and III) meningiomas have more ma-
lignant tendency, and recurrence with
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vysokého stupné. Nizce maligni meningiomy
mély vyznamné vyssi primérnou hodnotu ADC
a normalizovanou formu ADC (n ADC) v nddoru
(pomér mezi nddorem a normalni stranou
v ADC). Mezni hodnota prdmérné hodnoty
ADCa n ADCv nddoru pro vysoky stupen
malignity byla <0,7126, respektive <0,9469.
ITSS pozorované v SWI vykazovaly vyznamny
rozdil mezi obéma skupinami, kde nejcastéjsim
stupném u meningiomd nizkého stupné byl
m( vysokého stupné byly stupné 2 a 3, které
se vyskytovaly stejné casto. Citlivost n ADC
v nadoru byla (85,71%) a specificita byla
(96,55 %) s diagnostickou pfesnosti (86,7 %).
Zatimco citlivost SWI k detekci nddord s vyso-
kym stupném byla (85,71 %), specificita byla
(68,97 %) a presnost byla (72,22 %). Kom-
binace diagnostickych nastroji (SWI a DWI)
proto zvysila citlivost na 87,5 %, specificitu
na 100 % a diagnostickou presnost na 97,2 %.
Kombinace DWI a SWI také zuzuje pfipady, kdy
SWI pomdha vyloucit pfipady velmi nizkého
a vysokého stupné a Setff DWI pro diferencidlni
diagnostiku pfipadd mezi nimi.

Zavér: Meningiomy vysokého stupné
v konvencnich obrazech byly silné asociova-
ny s velkou velikosti nddoru, nejasnym TBI,
lobuldrnimi okraji nddoru, heterogennim kon-
trastnim zvyraznénim, posunem stredové linie
aintratumoralnimi cystami. Zatimco v pokroci-
lych technikach, jako je DWI, byly meningiomy
prdmérnymi hodnotami ADC v nddoru, n ADC
v nadoru a vice ITTSS (stupen 2, 3) pomoci SWI.
Kombinace kvantitativniho DWI a semikvan-
titativniho hodnoceni SWI vedla ke zvyseni
citlivosti, specificity a diagnostické presnosti
a ke snizeni casové narocnosti predoperacniho
hodnoceni meningiomd.

Klicova slova: magneticka rezonance, menin-
giom, radiologické hodnocenf, histopatologic-
ké hodnocent, DWI, SWI.

more death risk due to their invasive
growth pattern and the resultant com-
pression of CNS structures (3).

When compared to standard MR im-
aging, advanced MR imaging techniques
have the potential to yield more de-
tailed information on tumor microstruc-
ture, blood vessels, and kinetics (4).

Although previous research using ap-
parent diffusion coefficient (ADC) val-
ues, were able to identify benign from
malignant meningiomas, results were
inconsistent since different diffusion
weighted imaging (DWI) b values were
used, and ADC measurement techniques
were uneven (4).

Another revolutionary method is
susceptibility-weighted imaging (SWI),
which makes use of intra-tumoral
susceptibility signals (ITSS) to provide
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information on blood components,
calcified areas, and blood vessels. These
metrics might be employed as quantita-
tive or semi-quantitative indicators to
differentiate between tumor grades Al-
though SWI was previously employed to
differentiate different brain tumor types,
itwasn’t used in detail to characterize
different grades of meningioma (4).

METHODOLOGY

Patient Population

Our cross-sectional study was conduct-
ed on 36 adult participants recruited
from the neurosurgery out-clinics and
directed to the MRI unit.

Inclusion criteria included adult pa-
tients of either sex with an intra-cranial
extra-axial mass with features befitting
those of an intra-cranial meningioma
on MRIL and/or CT done preoperatively.

Exclusion criteria included claus-
trophobic patients; patients whose
histopathology revealed an alternative
diagnosis other than meningioma,
those who underwent previous surgery,
embolization or received radiotherapy,
those with densely calcified lesions, or
with significant intralesional haemor-
rhage or skull base lesions with strong
susceptibility artifact.

Each patient provided informed
verbal consent prior to the surgery. The
study was conducted after the approval
of ourinstitution’s Ethical and Scientific
Committee to ensure data confidential-
ity and the privacy of our participants.

Patient preparation

Patients were informed to Fast for

6 hours prior to the study. Serum
creatinine levels were checked to ensure
adequate renal function. Insertion of
anintravenous cannula was done for
administration of contrast. There was

a crash cart available, with supplies and
resuscitative drugs in a designated spot
outside the scanner room.

Image Acquisition

All examinations were performed

on Machine: Philips Achieva 3T MRI
machine. All patients underwent
routine MRI of the brain, followed by
diffusion weighted imaging (DWI) and
susceptibility weighted imaging (SWI).
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Conventional MR protocols consisted of
the following sequences with men-
tioned parameters: Axial T2 turbo spin
echo (TSE) (TR: 4821.05, TE: 100), Axial
and sagittal FLAIR (TR:11000, TE:130),
Axial T1 weighted image (TR:141, TE:
1.70), Post contrast T1-weighted axial,
coronal, and sagittal images following
gadolinium injection done.

For DWI, an EPI sequence consisting
of several sections was used, with diffu-
sion sensitivities set to b values of 0 and
1000 s/mm? (TR/TE/NEX: 3704/88 ms/I).

Diffusion gradients were applied in
three orthogonal orientations (the X,
Y, and Z directions) successively. All
images employed sections with 5 mm
thickness, an interstice gap of 1 mm,

a field of view of 163 mm, and a matrix
of 128 x 256.

Theintegrated software generated
the ADC maps automatically.

3D flow-compensated gradient-echo
sequence was applied to obtain the
SWI. From the raw SWI data, phase and
magnitude images were rebuilt. After
designing phase mask filters based on
the corrected phase images, the associ-
ated magnitude images were multiplied
twice to produce final susceptibility-
weighted images from which MinIP
images were reformatted. The SWI data
were used to form unwrapped and high
pass filtered phase images.

Image Analysis

Two radiologists with over ten years of
expertise assessed each examination
individually.

Conventional images were used to as-

sess the following features
Tumor size defined as the longest
diameter of the mass.
Tumor location: Skull base, convexity,
para-falcine, posterior fossa, others.
Signal Intensities: comparing the
tumor to the grey matter intensity in
T1WIand T2WI as hypointense, isoin-
tense, hyperintense, or mixed.
Tumor-brain interface: Clear TBI: ap-
pears as hypointense on T1-weighted
imaging and hyperintense on
T2-weighted imaging or Unclear TBI.
Tumor margins: either reqular or
irregular which included lobulated
tumors.
Peritumoral edema: evaluated on
axial T2-weighted images represent-
ing hyperintense areas of the brain

parenchyma as either present or
absent.

Capsular enhancement: the layer of
contrast enhancement at the tumor-
brain interface whether present or
absent.

Tumor Enhancement: The pattern of
contrast enhancement after Gadolin-
ium administration either homoge-
neous or heterogeneous.
Necrosis/hemorrhage: present or
absent.

Skull boneinvasion: present or absent.
Intra-tumoral fluid filled cysts: pres-
ent or absent.

Midline shift: present or absent.

DIFFUSION WEIGHTED
IMAGING

Qualitative evaluation

By visually comparing the ADC signal

in the tumor to the normal-appearing
white matter (NAMW), choosing a solid,
non-necrotic, non-calcified, non-hem-
orrhagic region of the tumor, it is pos-
sible to classify the signal as hyperin-
tense, isointense, hypointense, or focal
areas of the lesion or most of the lesion
hypointense relative to NAWM.

Quantitative evaluation

Several tiny, circular regions of interest
(ROI) with an equal diameter of 5mm
were manually identified on each slice of
the ADC maps to include the entire solid
component of the tumor, excluding hem-
orrhagic, calcified, or cystic areas. The
incorporation of several ROIs allowed for
the estimation of the mean ADC values of
the tumor. Additionally, On the contra-
lateral normal-appearing white matter,
many ROIs were also hand-drawn. The
ADC was adjusted and shown as ratios by
dividing the mean values of the tumors
by the values of the normal white matter,
hence normalizing values of ADC.

To measure the ADC values inside the
peritumoral edema, a similar process
was carried out.

Susceptibility weighted imaging

Source and minimum intensity projec-
tion SWimages were used to assess
intratumoral susceptibility signals
(ITSSs) which were described on SWI as



Table 1. Comparison between low and high meningiomas regarding different tumor characteristics
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Example of Grade 0 in SWI. 57-year-old
female with nonstop headache. (a) Axial
T2 weighted images show a suprasellar
meningioma with largest anteroposterior
dimension 2cm appears hyperintense,
clear TBI and regular margins. (b) Axial
T1WI with contrast shows avid homog-
enous contrast enhancement. (c) Cor-
responding ADC maps show relatively in-
creased n ADC ratio in the tumor: (1.171).
(d) SWI shows no ITSSs (Grade 0). This
case was histopathologically proven to be

GradeI.

Priklad stupné 0 v SWI. 57letd Zena

s nepretrzitymi bolestmi hlavy. (a) axialni
T2 vazené snimky ukazuji supraseldrni
meningiom s nejvétsim predozadnim
rozmérem 2 cm, ktery se jevi jako hyper-
intenzivni, s jasnym TBI a pravidelnymi
okraji. (b) axidlnf TIWI s kontrastem
ukazuje intenzivni homogenni kontrastni
zesilent. (c) odpovidajici mapy ADC ukazu-
jirelativné zvyseny pomér n ADC v nadoru:
(1,171). (d) SWI neukazuje Zadné ITSS
(stupen 0), histopatologicky prokdzdn

gradeI.

Tab. 1. Srovnani mezi meningiomy nizkého a vysokého stupné ve vztahu k odlisnym charakteristikim tumord

Histopathology T-test
Low High T P-value
i i i R 2 - . -
Tumor Size (Longest dimension) ange 8.5 9 _5.504 | <0.001*
(cm) Mean + SD 3.831 + 1.499 7.143 + 0.848
Chi-Square N % N % X2 P-value
Convexity 1 37.93 4 57.14
Parafalcine 5 17.24 1 14.29
Tumor location areta 1 0.958 0.812
Parasagital 5 17.24 1 14.29
Skull base 8 27.59 1 14.29
Frontal 7 63.64 4 100.00 1.983 0.159
. . Temporal 3 27.27 1 25.00 0.008 0.930
Convexity location -
Parietal 1 9.09 1 25.00 0.642 0.423
Occipital 1 9.09 0 0.00 0.390 0.533

P-value > 0.05: non-significant, P-value < 0.05: significant, P-value < 0.01: highly significant

*Chi-square test

hypointense tubular structures or dot-
like formations within a tumor, either
with or without aggregation. As previ-
ously mentioned that Grades (0) had
no ITSS, Grade (1) had 1-5 dot-like or

linear ITSSs, Grade (2) had 6-10 dot-like

or linear ITSSs, and Grade (3) had more
than 11 dot-like or linear ITSSs. These
grades enabled the degree of ITSS to be
used for the semi-quantitative analysis.
NB: Areas or foci of calcification, iden-

tified on CTimages if available or on the

phase images of susceptibility weighted
data, were excluded from the assessment
detailed above. Areas of frank bleeding
visible on conventional sequences were
also excluded from the assessment.
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Table 2. Comparing between both meningioma groups using different tumor characteristics

Tab. 2. Srovnani mezi obéma skupinami meningiomi pouzitim rozdilnych charakteristik

Histopatholo
P gy, Chi-Square
Low High
N % N % X2 P-value
.. Clear 28 | 96.55 3 42.86
Tumor brain interface 13.593 | <0.001*
Unclear 1 3.45 4 57.14
. Regular 22 | 75.86 0 0.00
Tumor Margins 13.655 | <0.001*
Lobulated 7 24.14 7 100.00
H 28 | 96.55 5 71.43
Tumor enhancement mogetous 4.659 | 0.031*
Heterogeneous 1 3.45 2 28.57
X Absent 20 | 68.97 3 42.86
Peritumoral edema 1.666 0.197
Present 9 31.03 4 57.14
Absent 26 | 89.66 7 | 100.00
Capsular enhancement >en 0.790 | 0.374
Present 3 10.34 0 0.00
. Absent 27 93.10 5 71.43
Necrosis/hemorrhage 2.682 | 0.101
Present 2 6.90 2 28.57
Absent 28 | 96.55 7 | 100.00
Skull bone invasion >en 0.248 0.618
Present 1 3.45 0 0.00
Absent 29 |100.00| 5 71.43
Intra-tumoral cysts 8.773 | 0.003*
Present 0 0.00 2 28.57
Absent 27 93.10 4 57.14
Midline shift >l 6.097 | 0.014*
Present 2 6.90 3 42.86

AP - anteroposterior, TS - transverse, CC - cranio-caudal

P-value > 0.05: non-significant, P-value < 0.05: significant, P-value < 0.01: highly significant

*Chi-square test
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Example of grade I in SWI. 50-year-

old female with dizziness and severe
headache. (a) Axial T2WIimages show

a cerebello-pontine angle meningioma
with largest anteroposterior dimension
4cm showing intermediate intensity in
T2WI, clear TBI and lobulated margins.
(b) Axial TIWI with contrast shows avid
homogenous contrast enhancement.

(c) Corresponding ADC maps shows n ADC
ratio in the tumor: (1.0.514). (d) SWI
showed 1-6 ITSSs (grade 1). This case was
histopathologically proven to be GradeI.

Piiklad stupné I v SWI. 50letd Zena

s zavratémi a silnymi bolestmi hlavy.

(a) axidlni T2WI snimky ukazuji menin-
giom v Ghlu mozecku a mostu s nejvétsim
predozadnim rozmérem 4 cm, ktery vyka-
zuje stfednfiintenzitu v T2WI, jasné TBI

a lobularni okraje. (b) axidlni TIWI s kon-
trastem ukazuje intenzivni homogenni
kontrastni zvyraznéni. (c) odpovidajici
mapy ADC ukazuji pomér n ADC v nado-
ru: (1,0,514). (d) SWI ukazalo 1-6 ITSS
(stupen 1), histopatologicky prokdzan
gradeI.

Statistical analysis

Statistical Package for Social Science
V25 was used to gather, edit, code, and
enter the data. Statistical Package for
Social Science. For parametric quanti-
tative data, the displayed forms were
mean, standard deviation, and range.
The qualitative features were expressed
using percentages and numbers.

Chi-square test was used to compare
the qualitative data between the groups.

Independent t-test was used to
compare two groups’ quantitative data
and parametric distribution.

Unpaired Student T-test was used to
compare between two groups in quanti-
tative data.

RESULTS

Out of 36 participants who were part
of our study, 29 (80.56%) were histo-
pathological proven to be low-grade
meningiomas (grade 1 according to
WHO classification) while 7 (19.44%)
cases were high grade (grade 2 accord-
ing to WHO classification). Female sex



Table 3. Comparison between high and low grade meningiomas regarding mean ADCin the tumor,
mean ADCiin the surrounding edema, mean ADCin the normal side and the ratio between them

Tab. 3. Srovnani mezi meningiomy vysokého a nizkého stupné z hlediska primérné hodnoty
ADCv nadoru, primérné hodnoty ADCv okolnim edému, priimérné hodnoty ADC na normalni
strané a poméru mezi nimi

Histopathology T-test
Low High T P-value
Range 0.6646] - | 1.082 |0.6189| - ]0.9785 R
ADCaverage tumor 1y " S | 0.864 | + | 0.104 | 0.721 | = | 0.120 | >180 | 0-003
Range 0.6114 0.8631]0.7322| - |0.8528
ADCaverage normal |1 " sp [ 0.765 | + | 0.051 | 0.787 | = | 0.039 | -003| 0-29°
ADCratio tumor/ | Range 0.9454 1.4181 | 0.7432 1.2516] 0| oo
normal Mean+SD | 1.131 | + | 0.117 | 0.919 | + | 0.165
Range 1.62 1.811 | 1.428 1,469
ADC d 7.463 |<0.001*
average edema IyeansSD | 1.714 | + | 0.068 | 1.449 | + | 0.018
ADCratio edema/ Range 1.8885| - |2.4916|1.8068| - |2.0063 3.310 | 0.007*
normal Mean+SD | 2.233 | + | 0.196 | 1.888 | + | 0.088 | ~° ’

ADC - attenuation diffusion coefficient
P-value > 0.05: non-significant, P-value < 0.05: significant, P-value < 0.01: highly significant

Ces Radiol 2025; 79(3): 196-207

Another example of grade I'in SWI.
54-year-old female with personality
changes and memory loss. (a) Axial T2
images show a left frontal convexity
meningioma with isontensity in T2WI,
clear TBI, lobulated margins and midline
shift. (b) Axial TIWI with contrast shows
avid homogenous contrast enhance-
ment. (c) Corresponding ADC maps show
increased n ADC ratio in the tumor:
(1.1617). (d) SWI showed 1-6 ITSSs (grade
1). This case was histopathologically
proven to be Grade I.

Dalsi priklad stupné I v SWI. 54letd

Zena s osobnostnimi zménami a ztratou
paméti. (a) axidlni T2 snimky ukazuji
meningiom levé frontdlni konvexity
sizontenzitou v T2WI, jasnym TBI, lobu-
l[drnimi okraji a posunem stfedové linie.
(b) axidlni TAWI s kontrastem ukazuje
intenzivni homogenni kontrastni zesileni.
(c) odpovidajici mapy ADC ukazuji zvyseny
pomér n ADCv nadoru: (1,1617). (d) SWI
ukdzalo 1-6 ITSS (stupen 1), histopatolo-
gicky prokdzan gradeI.

predominated among cases (72.22%)
and the most common recorded location
was convexity location.

Conventional MRI

In our study, multiple tumor radiologi-
cal characteristics showed significant
differences between both groups as
larger tumor size, unclear TBI, lobulated
tumor margins, heterogenous enhance-
ment, intratumoral cyst and midline
shift were strongly associated with
high-grade meningiomas (Table 1, 2).

DWI sequences

Visually inspecting the DWI sequences;
(5/7) of high-grade meningiomas
showed relative hyperintensity in

the tumor when compared to normal
appearing white matter (NAWM) in
comparison to low-grade meningiomas
(11/29), the two groups did not differ
significantly from each other.
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Table 4. Diagnostic performance of quantitative ADC values to detect high grade tumors

Tab. 4. Diagnosticky ptinos kvantitativnich hodnot ADC pii detekci nadori vysokého stupné

ROC curve between High- and Low-Grade Histopathology
Cutoff Sens. Spec. PPV NPV Accuracy
ADC average tumor <0.7126 85.71 93.10 75.0 96.4 84%
ADC ratio tumor/normal | <0.9469 | 85.71 96.55 85.7 96.6 86.7%

PPV - positive predictive value, NPV - negative predictive value, ADC - attenuation diffusion coefficient

Table 5. Comparison between low and high grade meningiomas regarding the presence or
absence of ITSSs in SWI sequence and their numerical grading

Tab. 5. Srovnani mezi meningiomy nizkého a vysokého stupné z hlediska pritomnosti nebo

absence ITSS v sekvenci SWI a jejich numerického hodnoceni gradingu

Hist h
istopathology - Chi-Square

SWI (ITSSs) Low High

% N % X2 P-value
Grade 0 3 10.34 0 0.00
Grade 1 17 58.62 1 14.29

rade 15.606 0.001*

Grade 2 9 31.03 3 42.86
Grade 3 0 0.00 3 42.86

SWI - susceptibility weighted imaging, ITSSs - intratumoral susceptibility signals
P-value > 0.05: non-significant, P-value < 0.05: significant, P-value < 0.01: highly significant

*Chi-square test
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Example of grade II in SWI. 73-year-old
female with dizziness and sudden loss

of consciousness. (a) Axial T2 images
show a bifrontal parafalcine meningioma
measuring 6.8 cm in longest dimension
with hyperintensity in T2, clear TBI and
lobulated margins. (b) Axial T1 with
contrast shows avid slightly heterogenous
contrast enhancement. (c) Corresponding
ADC maps show lowered n ADC ratio in the
tumor: (0.7432). (d) SWI showed 6-11
ITSSs (grade 2). This case was histopatho-
logically proven to be Grade 2.

Priklad stupné II v SWI. 73letd Zena

s zavratémi a ndhlou ztrdtou védomi.

(a) axidlni T2 snimky ukazuji bifrontdln{
parafalcindlni meningiom o délce 6,8 cm
s hyperintenzitou v T2, jasnym TBI a lobu-
larnimi okraji. (b) axidlni T1 s kontrastem
ukazuje mirné heterogenni kontrastni ze-
sileni. (c) odpovidajici mapy ADC ukazuji
snizeny pomér n ADCv nadoru: (0,7432).
(d) SWI ukdzalo 6-11 ITSS (stuperi 2),
histopatologicky prokazan grade II.

The sensitivity of qualitative evalu-
ation was (71.43%), specificity was
(62.07%) and Accuracy (63.89%).

Quantitative evaluation using ADC
maps

Table 3 demonstrates that both mean
ADCin the tumor (p=0.003) and n ADC
(p <0.001) were significantly higher

in low-grade meningiomas than in

the high-grade. It also demonstrates
the same significant difference in the
surrounding peritumoral edema where
ADCand n ADC recorded in the edema
(p<0.001). were significantly higherin
low-grade meningiomas.

According to the results, the optimal
cut-off value for the detection of
high-grade meningiomas was (0.7126 x
10-3 mm?) using the mean ADCin the
tumor and the cut-off value for the
detection using the n ADCin the tumor
was (0.9469 x 10 mm?). Sensitivity
using ADCin the tumor for detection
of high grade (85.71%) and specific-
ity (93.10%) with diagnostic accuracy
(84%), While sensitivity using the n
ADC was (85.71%) and specificity was
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Another example of grade II'in SWI.
62-year-old male with headache. (a) Axial
T2 images show an olfactory groove men-
ingioma measuring 4 cmin longest di-
mension appears isointense in T2WI, clear
TBI and regular margins. (b) Axial TIWI
with contrast shows avid homogenous
contrast enhancement. (c) Correspond-
ing ADC maps show n ADC ratio: (1.0611)
and nADC ratio in the surrounding edema:
(2.2728). (d) SWI showed 6-11 ITSSs
(grade 2). This case was histopathologi-
cally proven to be Grade 1.

Dalsi priklad stupné IT v SWI. 62lety muz
s bolestmi hlavy. (a) axidlni T2 snimky
ukazuji meningiom cichové drazky o délce
4cm, ktery je v T2WIizointenzivni, s jas-
nym TBI a pravidelnymi okraji. (b) axialni
T1WI s kontrastem ukazuje intenzivn{
homogenni kontrastni zesileni. (c) odpo-
vidajici mapy ADC ukazuji pomér n ADC:
(1,0611) a pomér nADC v okolnim edému:
(2,2728). (d) SWI ukazalo 6-11 ITSS
(stupen 2), histopatologicky prokdzdn

gradeI.
Table 6. Diagnostic performance of SWI sequence to detect high grade tumors
Tab. 6. Diagnosticky piinos sekvence SWI k detekci nadori vysokého stupné
Histopatholo:
SWI P 9y " Chi-Square ROC curve
(ITsSs) Low High
N % N % X2 P-value Sens. Spec. PPV NPV Accuracy
Low 20 68.97 1 14.29
N 6.937 0.008* 85.71 68.97 40.00 95.24 72.22%

High 9 31.03 6 85.71
SWI - susceptibility weighted imaging, ITSSs - intratumoral susceptibility signals

P-value > 0.05: non-significant, P-value < 0.05: significant, P-value < 0.01: highly significant

*Chi-square test
Table 7. Diagnostic performance of combined of DWI and SWI sequence to detect high grade tumors
Tab. 7. Diagnosticka kombinace sekvenci DWI a SWI k detekci nadori vysokého stupné

Items ‘ Sen.% ‘ Spe.% ‘ PPV% ‘ NPV% ‘ Accuracy% ‘ P-value
Combination (SWIITSSs&DWI) |  85.7% |  100.0% |  100.0% |  96.7% |  97.2% | <0.001*
SWI - susceptibility weighted imaging, ITSSs - intratumoral susceptibility signals

(96.55%) with diagnostic accuracy meningiomas regarding ITSSs: grade 0 grade 2, and no cases were discovered to
(86.7%), as mentioned in Table 4. (Fig. 1), grade 1 (Fig. 2, 3), grade 2 (Fig.  be grade 3 using ITSSs. While in histo-

4,5), and grade 3 (Fig. 6, 7) detected in pathological proven high-grade menin-

SWI sequences SWI. Histopathological proven low grade  giomas, we recorded no cases as grade

cases recorded only 3 (10.34%) cases 0, only one case as grade 1 (14.29%),
There was a significant variance (p = as grade 0, 17 (58.62%) cases (vast 3 (42.86%) cases as grade 2, and 3
0.001) between low and higher grade majority) as grade 1, 9 (31.03%) casesas  (42.86%) as grade 3 (Table 5).
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Table 6 shows that 20/29 (68.97%)
of the histopathological proven low-
grade meningiomas were recorded
as low-grade using SWI. While 6/7
(85.71%) of the histopathological
proven high-grade meningiomas were
recorded as high-grade using SWI, with
sensitivity of SWI to detect high-grade
tumors (85.71%), specificity (68.97%)
and diagnostic accuracy (72.22%).

The combination of (SWI & DWI) in-
creased their sensitivity to reach 87.5%
and specificity 100%, and diagnostic ac-
curacy to reach 97.2%collectively, with
p-value (p <0.001), indicating that the
previously mentioned combination adds
to the preoperative grading of menin-
gioma (Table 7).
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DISCUSSION

Both meningioma groups show altered
prognosis and therefore should be dealt
with differently, because of the aggres-
sive nature of high-grade meningiomas,
the tumor needs to be removed entirely
and quickly in order to reduce the likeli-
hood of a high recurrence (5).
Therefore, precise preoperative
grading of meningiomas is crucial to
enhance surgical decision-making and
prognosis of these patients (5).
Regarding different tumor charac-
teristics, our study reported that larger
tumor size was strongly associated with
high-grade meningiomas which was
similarly found in several studies (6-8).
Several studies (9-11) agreed with
our study and correlated lobulated
tumor margins with high-grade menin-
giomas and explained this by the fact
that an uneven margin could arise from

Example of grade III'in SWI. 58-year-
old female. (a) Axial T2WIimages show

a bifrontal meningioma measuring 6.8 cm
in longest dimension with intermediate
signal, clear TBI and lobulated margins.
(b) Axial TIWI with contrast shows avid
homogenous contrast enhancement.

(c) Corresponding ADC maps show n ADC
ratio: (0.9159) and n ADC ratio in the
surrounding edema: (1.9007). (d) SWI
showed > 11 ITSSs (grade 3). This case
was histopathologically proven to be
Grade 2.

Priklad stupné III v SWI. 58letd Zena.
(a) axidlni T2WI snimky ukazuji bifrontal-
ni meningiom o délce 6,8 cm s interme-
didrnim signalem, jasnym TBIL a lobuldr-
nimi okraji. (b) axialni TIWI s kontrastem
ukazuje intenzivni homogennf kontrastn{
zesileni. (c) odpovidajici mapy ADC
ukazuji pomér n ADC: (0,9159) a pomér n
ADCv okolnim edému: (1,9007). (d) SWI
ukdzalo > 11 ITSS (stupen 3), histopato-
logicky prokdzan grade II.

animbalance of intratumoral pressure
caused by histological heterogeneity.

Heterogenous tumoral enhance-
ment was found closely correlated to
high-grade meningiomas in our study
explained by the irregular pathological
characteristics brought on by intra-
tumoral necrosis seen in high-grade
tumors leading to heterogenicity and
was agreed upon by several authors (11,
12).

On the other hand, neither skull
boneinvasion nor hemorrhage and
necrosis were reliably associated with
high-grade meningiomas which was
consistent with several published stud-
ies (11, 13).

Although peritumoral edema could
indicate surrounding brain invasion
it wasn't correlated with high-grade
meningioma in our study, this was
explained by Gawlitza et al. (14)
who stated that membrane protein



expression and not the tumor grade,
might determine the degree of peritu-
moral edema in individuals with various
forms of meningiomas, however, this
was inconsistent with other studies (10,
15).

We evaluated whether DWI sequence
was able to identify both high- and
low-grade groups qualitatively and
quantitatively. Our results revealed no
significant difference between both
groups using conventional DWI se-
quences qualitatively, with sensitivity
to detect high grade from conventional
images (71.43%), specificity (62.07%),
and accuracy (63.89%). Relatively low
percentages might be attributed to the
subjectivity of conventional sequences
depending mainly the operator judg-
ment.

Quantitatively, ourinvestigation
found more accurate results with
statistically significant variation in the
mean ADC value of the tumor and n ADC
in both groups being higherin low-
grade meningiomas, this is attributed
to densely packed tumor cells and
increased fibrosis seen in high-grade
meningiomas hence have more reduced
water diffusibility in the extracellular
compartment, which raises the signalin
DWI and lowers the values in ADC maps.
This was supported by multiple authors
(1,4, 17).

Detection of high-grade using mean
ADCin the tumor showed sensitivity
(85.71%), specificity (93.10%), while
detection using the n ADC showed sen-
sitivity (85.71%), specificity (96.55%),
and raised the diagnostic accuracy from
(84%) using mean ADCin the tumor to
(86.7%) using the n ADC. This camein
disagreement with Chen et al. (4) and
Surov et al. (18) who previously men-
tioned lesser sensitivity and specificity

Ces Radiol 2025; 79(3): 196-207

Another example of grade III in SWI.
46-year-old male with loss of conscious-
ness. (a) Axial T2WI'images show a right
frontal meningioma measuring 7 cmin
longest dimension with intermediate
signalintensity, unclear TBI, lobulated
margins and a cystic component detected.
(b) Axial TIWI with contrast shows avid
homogenous contrast enhancement.

(c) Corresponding ADC maps showed
ADCin the tumor: (0.7332), n ADC ratio:
(0.9369) and n ADC ratio in the surround-
ing edema: (2.003). (d) SWI showed > 11
ITSSs (grade 3). This case was histopatho-
logically proven to be Grade 2.

Dalsi priklad stupné ITI v SWI. 46lety
muz s poruchou védomi. (a) axialni T2WI
snimky ukazuji meningiom v pravé celni
oblasti o délce 7 cm s priimérnou inten-
zitou signalu, nejasnym TBI, lobularnimi
okraji a cystickou slozkou. (b) axialni
T1WI s kontrastem ukazuje intenzivni
homogenni kontrastni zesileni. (c) odpo-
vidajici mapy ADC ukazaly ADC v nadoru:
(0,7332), pomér n ADC: (0,9369) a pomér
n ADCv okolnim edému: (2,003). (d) SWI
ukdzalo > 11 ITSS (stupen 3), histopatolo-
gicky prokdzan grade II.

when using the mean ADCin the tumor
and n ADC to distinguish between low
and high grade meningiomas might be
due to using different parameters when
analyzing ADC maps.

We also found that mean ADCiin
the surrounding peritumoral edema
and n ADC was significantly higherin
low-grade meningiomas which was less
studied by different authors.

Theideal cut-off value of the mean
ADCin the tumor and the ideal cut-off
value of the n ADC to detect high-grade
meningiomas were (0.7126 x 103 mm?)
and (0.9469 x 10~ mm?), respectively,
in comparison to the study done by
Chen etal. (4) who reported a cut off
value of (1.05 x 10-*mm?) for the n ADC.

Evaluating ITTSs seen in SWI for
detection of high grade meningiomas,
we found a significant variance between
both groups of meningiomas, where the
most common grade seen in low-grade
meningiomas was grade 1 (58.62%),
and the most common grades seen in
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high-grade meningiomas were grades

2 and 3 (42.86% both). This was also
acknowledged by Chen et al. (4) who
explained the significant difference
between both groups, by the fact that
higher-grade meningiomas should have
more hemorrhage and hence should
present with more ITSSs on SWL

In contrast to our results Zhang et al.
(10) and Swaika et al. (19) mentioned
no statistical variation between both
groups using SWI; Zhang et al. (10) ex-
plained it by the fact that meningiomas
are originally highly vascular tumors re-
gardless of the grade. Swaika et al. (19)
didn’t exclude calcification among cases
which might lead to more signals being
detected in lower grade meningiomas,
hence lead to controversial results.

We found that 20 out of 29 histo-
pathological proven low-grade meningi-
omas were recorded as low grade using
SWI. While 6 out of 7 histopathological-
proven high-grade meningiomas; were
recorded as high-grade using SWI, with
sensitivity to detect high grade tumors
reaching (85.71%), specificity (68.97%)
and accuracy of (72.22%). Our results
nearly approached Chen etal. (4) who
reported a sensitivity of SWI (71.43%),
specificity (54.67%) while the diagnos-
ticaccuracy was (64.1%).

Using DWI and SWIin combina-
tion increased their sensitivity to
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