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ABSTRACT

Introduction: The presence of peritumoral oedema or mass effect
with intracranial meningiomas is associated with poor clinical out-

comes. This study aimed to investigate magnetic resonance (MR)
morphologic features of meningioma, which can predict peritumoral
oedema and mass effect.

Methods: Data of 100 consecutive patients diagnosed with meningi-
oma on MRI brain at the neurosurgical MRI unit, National Hospital
of Sri Lanka, reported by a Consultant Radiologist were analysed in a

retrospective study. Binary logistic regression models were fitted to
identify predictors of perilesional oedema and mass effect.

Results: Female-to-male ratio was 5.8:1. Patients were aged 18–
80 years. Majority (n ¼ 78) were in supratentorial compartment
with 16 at parasagittal location. Cerebellopontine angle was the com-

monest infratentorial site (n ¼ 9). Size of meningiomas ranged from
1.1 to 9.1 cm (largest dimension). Mass effect (n ¼ 68), perilesional
oedema (n ¼ 37), and midline deviation (n ¼ 31) were the most

commonly reported complications. Maximum diameter of meningi-
oma and its location significantly predicted the presence of perile-
sional oedema [c2(2,47) ¼ 6.03, P ¼ .049, Nagelkerke R2 ¼
18.2%] and mass effect [c2(2,71) ¼ 16.73, P ¼ .000, Nagelkerke
R2 ¼ 39.4%] in two logistic regression models.

Conclusion: The probability of mass effect and perilesional oedema
increased with the maximum diameter. Meningioma extending to
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both supratentorial and infratentorial compartments had the highest

risk of having concomitant perilesional oedema and mass effect.

R�ESUM�E

Introduction : La pr�esence d’œd�eme p�eritumoral ou d’effet de masse
dans les cas de m�eningiomes intracâniaux est associ�ee �a de mauvais
r�esultats cliniques. Cette �etude vise �a examiner les caract�eristiques
morphologiques de r�esonance magn�etique (RM) des m�eningiomes
qui pourraient permettre de pr�edire l’œd�eme p�eritumoral ou l’effet
de masse.

M�ethodologie : Cent dossiers cons�ecutifs de patients ayant reçu un
diagnostic de m�eningiome apr�es un examen d’IRM du cerveau �a
l’unit�e d’IRM neurochirurgicale de l’Hôpital national du Sri Lanka
ont �et�e rapport�es par un radiologiste consultant. Des mod�eles de
r�egression logistique binaire ont �et�e appliqu�es afin d’identifier les
pr�edicteurs d’œd�eme p�eril�esionnel et d’effet de masse.

R�esultats : Le ratio femme/hommes �etait de 5,8:1. L’̂age des patients
variait entre 18 et 80 ans. La majorit�e (n ¼ 78) des atteintes se sit-

uaient dans la r�egion sus-tentorielle, dont 16 en position parasagit-
tale. L’angle pont-c�er�ebelleux �etait le site sous-tentoriel le plus
commun (n ¼ 9). La taille des m�eningiomes variait entre 1,1 et

9,1 cm (plus grande dimension). L’effet de masse (n ¼ 68), l’œd�eme
p�eril�esionnel (n ¼ 37) et le d�eplacement de la ligne m�ediane du
public, commercial, or not-for-profit sector.
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cerveau (n ¼ 31) �etaient les complications les plus commun�ement
signal�ees. Le diam�etre maximal du m�eningiome et son emplacement

permettaient de pr�edire de mani�ere significative la pr�esence d’œd�eme
p�eril�esionnel [c2 (2,47) ¼ 6,03, P ¼ 0,049, Nagelkerke R2 ¼ 18,2
%] et d’effet de masse [c2 (2,71) ¼ 16,73, P ¼ ,000, Nagelkerke R2

¼ 39,4 %] dans les deux mod�eles de r�egression logistique.
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Conclusion : La probabilit�e d’effet de masse et d’œd�eme
p�eril�esionnel augmente avec le diam�etre maximum. Les

m�eningiomes qui s’�etendent dans les deux compartiments sus- et
sous-tentoriel pr�esentent le risque le plus �elev�e d’œd�eme p�eril�esionnel
et d’effet de masse concomitants.
Keywords: Neuroimaging; magnetic resonance imaging; brain neoplasms; complications
Introduction

Meningioma is a tumour originating from the leptomeningeal
layers of the brain and spinal cord accounting for approxi-
mately 30% of all primary intracranial tumours [1]. While be-
ing the commonest extra axial tumour encountered in the
neurosurgical practice, the reported incidence of meningiomas
is rising steadily [1]. The current modality of choice for diag-
nostic imaging of meningioma is magnetic resonance imaging
(MRI) [2].

Even though the majority of meningiomas are benign [3],
they can be associated with significant morbidity and mortal-
ity [4,5], caused by the effects of the tumour, as well as by the
adverse effects of treatment [6]. The presence of peritumoral
oedema (Figure 1A) and mass effect (Figure 1B) in patients
with meningioma is reported to have higher odds of devel-
oping complications and poor clinical outcomes [7,8]. More-
over, a higher ratio of oedema to tumour volume is also a
significant predictor of mortality [8]. Therefore, it is essential
to have a mechanism of prognostication on MR diagnosis of
meningioma, which will give directive for regular monitoring
as well as for deciding on surgical intervention.

Findings of the previous studies looking for associations
between poor prognostic factors such as perilesional oedema,
and MRI morphology of tumour such as tumour size, loca-
tion are controversial. Gawlitza et al found no associations be-
tween peritumoral oedema indices and the tumour size [9],
whereas Lobato [10] and Simis [11] found that the larger tu-
mours are associated with a higher risk of associated perile-
sional oedema on the MRI. Simis also described that
tentorial meningiomas have less peritumoral oedema. In
contrast, Lobato et al found only a moderate increase in
risk of oedema with tentorial lesions, whereas tumours located
in the frontal convexity and the middle third of the falx had
highest odds of peritumoral oedema [10]. Nonetheless,
another study based on computerized tomograms failed to
show any association between the location and the size of
oedema [12].

In this context, we aimed to explore MR morphologic fea-
tures of meningioma which could predict two known poor
prognostic factors; peritumoral oedema and mass effect.
Methods

The study protocol was approved by the Ethics Review
Committee, Faculty of Medicine, University of Colombo,
Sri Lanka (Reference number: EC/14/014; approved on 5
March 2014). This study retrospectively analysed MRI find-
ings and relevant clinical data of 100 consecutive patients
who were diagnosed on MRI brain to have meningioma.
Data were retrieved from the unit database at the neurosur-
gical MRI unit of the National Hospital of Sri Lanka. The
sample size was calculated for binary logistic regression anal-
ysis with five covariates according to the formula by Peduzzi
et al [13], where proportion of positive cases of peritumoral
oedema and mass effect were considered as 0.672 [11] and
0.667 [8], respectively. Since the resulting numbers were
less than 100, a sample size of 100 was used as suggested by
Long [14].

All MR images were reported by the senior consultant
radiologist in charge of the unit experienced in neuroimaging.
Imaging protocol of the unit included T1 weighted, T2
weighted, and FLAIR sequences in axial, sagittal, and coronal
planes of brain and post contrast (intravenous 0.1 mL/kg Di-
meglumine Gadopentatate [Magnavist], Bayer, Germany)
T1W images acquired in axial, sagittal, and coronal plane
of the brain using 1 Tesla Siemens Harmony, MRI Scanner.

Measurements for tumour size were performed in axial,
coronal, and sagittal T2/FLAIR images obtained with 5 mm
gaps. Longest diameters of the tumour in anteroposterior, cra-
niocaudal, and transverse directions were measured on the
workstation during reporting. The maximum dimension out
of above was recorded for the study. Oedema was assessed
visually by analyzing perilesional signal changes as described
in Figure 1A. Mass effect assessed by the degree of pressure
effects and distortion of surrounding anatomical structures
(Figure 1B).

The data were analysed using R (version 3.5.0), RStudio
(version 1.1.447) and GraphPad Prism (version 8.0.2). Binary
logistic regression models were fitted to identify predictors of
perilesional oedema (model 1) and mass effect (model 2).
Size, location (tentorial compartment and the side) of menin-
gioma, age, and sex of the patients were considered as the in-
dependent variables. All the statistical analyses were
conducted at a priori alpha of 0.05.

Results

Of 100 patients, female to male ratio was 5.8:1. Patients
were aged 18 to 80 years. The median age was 50 years
(IQR ¼ 42–64 years). Ninety-one patients had single menin-
giomas, while nine had multiple meningiomas. Patients with
nd Radiation Sciences 51 (2020) 411-416



Figure 1. Magnetic resonance images (MR) of meningioma | (A) a. T2W sagittal, b. T1W coronal, c1, c2 FLAIR axial MR images of the brain showing perilesional

oedema. In a and cdas T2 and FLAIR hyperintensity surrounding the tumour. bdT1 hypointensity immediately around the tumour; mainly in white matter

making finger-like projections in to the white matter of the brain, features are better demonstrated in T2 and FLAIR images than in T1 images. (B) a. T1W coronal,

b. T2W sagittal, c. T2W axial, and d. FLAIR axial MR images of the brain showing mass effect. Images demonstrate compression of the adjacent anatomical

structures due to pressure effects from the tumour. Falx cerebri is curved and deviated to right side (contralateral side) by the left side tumour. Sulci/gyri on

left occipital region posterior to the tumour are also compressed. The posterior aspect of the corpus callosum is depressed by the mass.
missing data were excluded case-wise in the statistical analyses
if at least a single predictor or outcome variable were not
reported (size [n ¼ 11], side [n ¼ 1], age [n ¼ 4], sex [n
¼ 12]).
Size and Location of Meningioma
The majority (n ¼ 78) of meningiomas were located exclu-
sively in the supratentorial compartment, while 15 were in the
infratentorial compartment. Five meningiomas were extend-
ing to both the compartments. In two cases, multiple menin-
giomas were seen in both supratentorial and infratentorial
compartments. Parasagittal was the commonest supratentorial
location (n ¼ 16) followed by frontal (n ¼ 10) and frontopar-
ietal (n ¼ 10) locations. Cerebellopontine angle was the com-
monest infratentorial site (n ¼ 9). Among the single
meningiomas (n ¼ 91), 43 were right sided, 40 were left
sided, and 8 were centrally located. The median of the
maximum diameter of the meningioma was 3.9 cm (IQR ¼
2.9–4.1 cm). The maximum diameter of the smallest and
the largest meningioma detected in our sample were 1.1 cm
and 9.1 cm, respectively.
Complications Detected on Magnetic Resonance Imaging
Commonly reported complications of meningiomas were
mass effect on adjacent brain (n ¼ 68), perilesional oedema
(n ¼ 37), and midline deviation (n ¼ 31). Three patients
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had meningioma causing venous sinus thrombosis. Hydro-
cephalus was present in 14 patients, and cerebellopontine
angle was the commonest location of meningioma in cases
complicated with hydrocephalus (n ¼ 4, 29%).
Predictors of Perilesional Oedema (Model 1)
Continuous independent variables were distributed nor-
mally, and the preliminary multicollinearity diagnostic tests
were negative for the binary logistic regression analysis. The
first model examining the predictors of perilesional oedema
contained two independent variables: maximum diameter of
the meningioma and its location, that is, supratentorial, infra-
tentorial, single tumour extending to both compartments or
multiple meningiomas involving both compartments. The
full model containing both predictors was statistically signifi-
cant [c2(2, 47) ¼ 6.03, P ¼ .049]. The model explained be-
tween 12.0% (Cox and Snell R2) and 18.2% (Nagelkerke R2)
of the variance. The strongest predictor of perilesional oedema
was the maximum diameter of the meningioma, recording an
odds ratio of 1.46 (95% CI ¼ 0.95–2.39). This indicated that
for every additional increase of centimetre of the maximum
diameter was associated with 1.5 times increased risk of devel-
oping perilesional oedema. The odds ratio of the location of
the meningioma was 0.36 (95% CI ¼ 0.07–1.25), of those
with single meningioma extending to both supratentorial
and infratentorial compartments had the highest risk of
nd Radiation Sciences 51 (2020) 411-416 413



having perilesional oedema. The box and whiskers plot in
Figure 2A (left) and percentage component bar chart in
Figure 2B (top) show the associations of maximum diameter
and tentorial location with peritumoral oedema, respectively.
Predictors of Mass Effect (Model 2)
The second model examining the predictors of mass effects
also contained the same independent variables: maximum
diameter of the meningioma and its location (as described
above). The full model containing both the predictors was sta-
tistically significant [c2(2, 71) ¼ 16.73, P ¼ .000]. The
model explained between 21.0% (Cox and Snell R2) and
39.4% (Nagelkerke R2) of the variance. The strongest predic-
tor of mass effect was the maximum diameter of the menin-
gioma, recording an odds ratio of 3.34 (95% CI ¼ 1.70–
Figure 2. Predictors of peritumoral oedema and mass effect | (A) The box and wh

peritumoral oedema (left) and mass effect (right). (B) The percentage component ba

oedema (left) and mass effect (right). The level of significance is indicated as P < .
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9.04). This indicated that for every additional increase of cen-
timetre of the maximum diameter was associated with over
three times increased risk of developing mass effects. The
odds ratio of the location of the meningioma was 1.46
(95% CI ¼ 0.43–7.77), of those with multiple meningiomas
in both supratentorial and infratentorial compartments had
the highest risk of having mass effects. The box and whiskers
plot in Figure 2A (right) and percentage component bar chart
in Figure 2B (bottom) show the associations of maximum
diameter and tentorial location with mass effect, respectively.

Discussion

The relatively benign nature of meningioma has led to
conservative management specially for the majority of the
incidentally detected lesions. Therefore, MRI is used in
iskers plots show that the tumours with larger diameters are associated with

r charts demonstrate the associations of the tentorial location with peritumoral

05 (*), P < .001 (***).
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such cases as the only tool to diagnose meningioma and for
the early detection of complications during follow-up. The
findings of this study suggest that the maximum diameter
and the location of the meningioma to be the most effective
predictors of peritumoral oedema and mass effect, compared
with the side of the tumour located in the cranium, age, and
sex of the patient.

Peritumoral brain oedema is detected by MRI among
approximately two-thirds of the patients with meningioma
[11,15]. Pathophysiology of peritumour oedema is not clearly
understood; however, it may be affected by the expression of
aquaporin 4 channels [9], matrix metalloproteinase-9 (MMP-
9) (REF [16]), and vasculoendothelial growth factor (VEGF)
(REF [16]) in tumour tissue in addition to mechanical
compression [17]. Studies have shown that the presence of
peritumour oedema is associated with increased intracranial
pressure [10] seizures [18,19] and poor surgical outcomes
[11,20].

Here, we suggest the maximum diameter of the meningi-
oma as a predictor of peritumour oedema and mass effect,
which can be easily and accurately measured without the
need of sophisticated computational software. Therefore, the
proposed technique can be effectively incorporated into clin-
ical practice as an indirect index of prognosis. This study also
highlights the importance of the location in predicting
oedema and mass effects. Lesions extending to both supraten-
torial and infratentorial regions need to be closely monitored
due to the increased risk of development of peritumour
oedema and mass effects. Moreover, since the extent of
oedema can be predicted by the maximum diameter of the
tumour, small lesions with unusually extensive oedema might
suggest an alternative pathology.
Limitations of the Study
Since this was a retrospective study, the temporal associa-
tions of developing peritumoral oedema and mass effects
could not be computed. Moreover, unavailability of histology
to confirm the diagnosis of meningioma was a limitation of
this study. Nevertheless, since only a minority of cases with
meningioma are managed surgically, this limitation could
not have been overcome. Exclusion of cases with missing
data in the logistic regression analyses may have underesti-
mated or overestimated the individual contributions of the
predictors to the overall models. The images were reported
by a single radiologist which might limit the internal validity.
However, the reporting radiologist is with over 15 years of
experience as a postgraduate trainer and has work experience
as the reporting radiologist in charge of the neurosurgical
MRI unit. Furthermore, the usage of a clear criteria to obtain
the measurements should minimize this limitation.

Conclusion

Based on our findings, the maximum diameter of menin-
gioma and its location could predict both perilesional oedema
and mass effect. Every additional increase of centimetre of the
U.A. Liyanage et al./Journal of Medical Imaging a
maximum diameter was associated with 1.5 times increased
risk of developing perilesional oedema and over three times
increased risk of developing mass effects. Meningioma extend-
ing to both supratentorial and infratentorial compartments
had the highest risk of having concomitant perilesional
oedema and mass effects. These findings could be considered
when planning therapeutic strategies for meningiomas.
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