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Radiological Characteristics of Peritumoral
Edema in Meningiomas
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Objective : The purpose of this study is to evaluate the radiological charactersitics related to the formation of
peritumoral edema in meningiomas.

Methods : Fifty patients with meningioma were examined by magnetic resonance images and cerebral angiography.
The predictive factors associated peritumoral edema, such as, tumor size, peritumoral rim (cerebrospinal fluid dleft),
shape of tumor margin, signal intensity of tumor in T2W1, and pial blood supply were evaluated.

Results : Tumor size, peritumoral rim and pial blood supply correlated with peritumoral edema on univariate
analyses. But in multivariate analyses, pial blood supply was statistically significant as a factor for peritumoral edema
in meningioma.

Conclusion : In our results, pial blood supply is significant contributing factor for peritumoral edema in meningioma.
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Introduction

M eningioma possesses the ability to produce perit-
umoral brain edema(PTBE) despite the fact that it is
extracerebral origin, and benign, slow-growing tumor'”.
Peritumoral edema is present in at least half of the cases of the
meningiomas, and it may be present in varying degree and in
unpredictable fashion'”. Though tumor size, location of tumnor,
histologic types, blood supply to tumors, level of endothelial
growth factor(EGF), sex hormone in the tumors have been
reported to correlate with peritumoral edema®'®'>'*!?. The
mechanisms by which meningioma produces peritumoral
edema is not fully elucidated. In this study, we retrospectively
examined the magnetic resonance (MR) images of 50 patients

who were diagnosed to have meningioma operatively and

assessed the radiological characteristics associated with perit-
umoral edema in meningioma.

Patients and Methods

B etween January 2000 and December 2003, fifty patients
with histologically proven intracranial meningiomas,
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were studied preoperatively by MR image and cerebral
angiography. We examined tumor size, peritumoral rim,
shape of tumor margin, pial blood supply, and signal intensity -
of tumor on T2-weighted (T2WI) MR images. The presence
of peritumoral edema was defined as a high signal intensity
adjacent to tumors on T2WI. Tumor volume and edema were
measured from MR image, in a manner similar to that of
other authors”; maximal perpendicular diameters (radii a and
b} of the tumor and the edema in the axial MR image sections
were measured. Coronal diameters of the tumor and the

perpendicular diameters (radii a and b) of the tumor. Coronal
diameters of the tumor was approximated by coronal section
images showing tumor fissue (radius ¢, not shown here). B : The
resulting volume of tumor and edema (Vi+g) was then approximated
using the formula for a spheroid : (V = 4/3 X abc). Edema index(El)
= (Vie)/(vi).
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edema were approximated by coronal section images
showing tumor tissue and edema (radius c). The resulting
volume of tumor and edema was then approximated using the
formula for a spheroid : (V = 4/37 X abc). The relation of
peritumoral edema and tumor volume was defined as
El(edema index) = (VEdema + VTumor )/VTumor, resulting in 1
when no edema was present'? (Fig. 1). Tumor-brain interface
was analyzed by two points of view, namely shape of tumor
margin, and peritumoral rim (cerebrospinal fluid cleft). The
signal intensity of meningioma was classified relative to that
of the cortical gray matter on T2WI of MR images. We classified
tumor margin as smooth and irregular group. The term
"peritumoral rim" means a aperture that shows hypointensity
on T1WI and hyperintensity on T2WI existing braintumor
interface. The angiograms were evaluated to determine the
presence of pial supply.

We examined the relationship between peritumoral edema
and these factors by univariate and multivariate analyses.
Statistical analysis was performed using commercially av-
ailable computer software (SPSS 11 for window). Chi-square,
Fisher, Mann-Whitney U tests, and Person's correlation
coefficient were used for univariate analysis, and multivariate
analyses were performed using the logistic regression
method. Probability values of less than 0.05 were accepted as
statistically significant.

N

Results

he patients studied included 11 men and 39 women

whose age ranged between 29 and 73 years (average +
@ standard deviation, 53 & 12years). Peritumoral edema was
present in 18 cases, and absent in the other 32.

Tumor volume and PTBE

Tumor volume in the group with peritumoral edema (mean
volume, 62.86cm™) was significantly larger than in those
without edema (mean volume, 3642 cm> p=0.006, Mann-
Whitney's U test) (Fig. 2). But tumor volume was not corre-
lated with severity of PTBE (Pearson's correlation coefficient,
co-rrelation coefficient(r)=0.191, p=0.183).

Peritumoral rim and PTBE

The incidence of brain edema was significantly higher in
the non-peritumoral rim group than peritumoral rim group
(p=0.018, Fisher's Exact Test). Peritumoral edema represents
CSF space in the brain-tumor interface. There is a high
possibility that tumor invades cortex in absence of rim
(Table 1).
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Fig. 2. Tumor volume correlated significantly with brain edema
(p=0.006, Mann—Whitney U test).

Table 1. Peritumoral brain edema and peritumoral rim in brain magnetic
resonance image

Rim (+) Rim (-) Total
Edema {+) 5 13 18
Edema (-) 21 11 32
Total 26 24 50

p=0.018, (Fisher's Exact test)

Table 2. Peritumoral brain edema and shape of tumor margin in magnetic
resonance image

Regular margin  lregular margin Total
Edema (+) 9 9 18
Edema (-) 24 8 32
Total 33 17 50

©=0.119, (Fisher's Exact test)

Shape of tumor margin and PTBE
There was no significant correlation between irregularity of
tumor margin and the presence of brain edema (p=0.119,

Fisher's Exact Test ). (Table 2).

Signal intensity of tumor on T2WI and PTBE

Of fourteen tumors whose signal intensity on T2WI was
hypo- or isointense compared with gray matter, only one was
accompanied by peritumoral edema. Of 36 tumors whose
intensity was hyperintense compared with gray matter, 17
were accompanined by peritumoral edema. The incidence of
peritumoral edema was significantly higher in the group with
hyperintense tumor on T2WI than group with hypo or
isointense tumor (p=0.009, Fisher's Exact Test) (Table 3).

Pial blood supply and PTBE
The incidence of peritumoral edema were higher in cases
with a predominantly blood supply (p=0.001, Fisher's Exact



Table 3. Peritumoral brain edema and signal intensity of tumor on T2Wi ma-
gnetic resonance image

Low/iso signai High signal Total
Edema (+) 1 17 18
Edema (-) 13 19 32
Total 14 36 50
p=0.009, {Fisher Exact test)
Table 4. Peritumoral brain edema and pial blood supply
Pial supply (=) Pial supply (+) Total
Edema (+) 8 10 18
Edema (-) 27 5 32
Total 35 15 50
p=0.001, (Fisher Exact fest)
Table 5. Peritumoral edema and location of tumors
Edema (+) Edema (-) Total
Convexity 3 8 11
Parasagittal, parafalcine 9 8 17
Frontal base 2 2 4
Parasellar 2 5 7
Posterior fossa 0 6 6
Temporal base 2 3 5
Total 18 32 50
Table 6. Peritumoral edema and histological types of tumors
Edema (+) Edema {-) Total
Meningothelial 8 18 26
Fibroblastic 1 5 6
Transitional 2 5 7
Angioblastic 3 0 3
Atypical 4 0 4
Miscelleneous 0] 4 4
Total 18 32 50

Table 7. Summary of univariate and multivariate statistical anaiyses

Univariate®  Multivariate®
Tumor volume 0.006* 0.821
Peritumoral rim 0.018x 0.240
Shape of tumor 0119 0.376
Signal intensity 0.009* 0.124
Pial blood supply 0.001* 0.031%

a: Chi-square, Fisher Exact test, Mann—Whitney U test b : Logistic regression
method * . statistical significant, p<0.05

Test)(Table 4). Meningioma without pial blood supply had a
small mean EI of 1.12. Pial supply correlated significantly with
tumor size ( p=0.011, Mann-Whitney U test).

Location of tumor and PTBE

Location of tumor were assessed from MR scan (Table 5).
Although no significant correlation between location of tumor
and peritumoral edema, peritumoral edema was not recogn-
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ized in the posterior fossa meningioma. And parasagittal, pa-
rafalcine, frontal base, and temporal base meningioma freque-
ntly tended to develop peritumoral edema.

Histology and PTBE

Tumor histology associated with edema were evaulated
(Table 6). Although no significant correlation was seen be-
tween benign histological type and edema, peritumoral edema
frequently accompanied angioblastic and atypical types.

Multivariate analyses of predictive factors associated
with PTBE

In mulitvariate logistic regression model, only vascular
supply from pial-cortical arteries on angiographic studies
significant correlated with peritumoral brain edema (p=0.031)
(Table 7).

Discussion

espite primarily extraaxial locations, slow progression
D rates, and usually benign histological characteristics,
meningiomas frequently are associated with PTBE®, Perit-
umoral edema originates in the region of the tumor margin and
travels by bulk flow through the relatively loosely inte-
rconnected fibers of white matter®. Peritumoral edema is
found in approximately 50% of meningiomas'®. But the exact
pathogenesis of peritumoral brain edema in meningiomas is
still unknown. Electron microscopic studies suggest that
PTBE is of vasogenic origin, a type of brain edema that 1s
attributed to dysfunctions of the blood-brain barrier’”. Ho-
wever, the pathogenetic mechanisms that link primarily
extracerebral meningiomas with blood-brain barrier dist-
urbances remain obscure”,

The results of author's studies suggest that meningiomas
that are associated with peritumoral edema present large
tumor, loss of peritumoral rim, high signal intensity of tumor on
T2WI, and pial blood supply in univariate analyses. But in
multivariate analyses, pial blood supply significantly corr-
elated with PTBE. In our invastigation using MR images and
cerebral angiography, loss of peritumoral rim and pial blood
supply from intracerebral vessels were defined as the para-
meters to reveal cortical invasion of the tumor. The pial supply
of meningiomas reflects the close spatial relationship between
the tumor surface and the adjacent brain parenchyma. The
ara-chnoid, which serves as a physiological barrier between
the brain and extraaxial structures such as the meningioma, is
either penetrated by the cerebral vessels or infiltrated by the
tumor”. A recently published study demonstrated a strong
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correlation between the adherence of the tumor to the surr-
ounding brain tissue and the occurrence of edema®.

Hyperintense signal on T2WI is considered a multifactorial
process and is correlated with tumor consistency and vasc-
ularity indicating a higher water content'”. We investigated
the statistical correlation between intensity of tumor on T2WI
and peritumoral edema (p=0.056). Hypointense tumors, by
contrast, were accompanied by hardly any brain edema. This
result seems to be due to the difference of water content in the
tumors. The more water content tumors have, the more easily
the edema fluid can diffuse to the surrounding brain tissue
according to the water pressure gradient'?.

We found that atypical and angioblastic meningiomas
tended to have more peritumoral edema and meningothelial
meningiomas whose signal was relative high on T2WI, tended
to develop peritumoral edema than fibrous meningiomas
possibly due to difference of water content in the tumor. Smith
et al'® found that tumors with increased cellularity, vascularity,
and mitotic activity had edema more frequently. Challa et al
reported that more vascular tumors tend to have breakdown
of capillary endothelial tight junctions, leading to increased
permeability to water. And high vascularity may cause incre-
ased water content in the tumor?.

In our results, although there was no correlation between tu-
mor location and PTBE no PTBE was presented in the poster-
ior fossa meningioma. This tendency may be due to the unique
structure of cerebellum, such as the small white matter™'?.

Conclusion

n our results, the cause of peritumoral edema associated

with meningioma is most likely multifactorial. Although
tumor volume, peritumoral rim, high signal intensity on T2WI,
and pial vascular supply correlated with peritumoral brain
edema in univariate analyses, multivariate analyses show hy-
pervascular meningiomas , particularly, fed by the pial-cortical
arteries, exhibited significantly more severe edema compared
with those supplied only from meningial arteries.
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Commentary

Authors analyzed radiological(magnetic resonance image
and angiography) findings of 50 patients of meningiomas about
peritumoral brain edema(PTBE). Among the 50 meningioma
patients 18 patients showed PTBE and 38 patients had not.
They analyzed tumor volume, peritumoral rim, shape of tumor
margin, Signal intersity of the tumor on T2WI, pial blood
supply, location of the tumor, and histology which were usually
suspected to relate with PTBE.

The results were positive correlation of the PTBE with
tumor volume, peritumoral rim, signal intensity on T2W1, and
pial blood supply on univariate analysis, but only the pial
blood supply showed positive correlation with PTBE on



multivariate analysis. Shape of tumor margin, location of tumor,
and histologic type were not shown to be correlated with the
PTBE, partly because of small number of the positive PTBE
patients(18 in number).

Pial blood supply from the intracerebral origin to the menin-
gioma is an important factor for PTBE and consistent with the
results of Yoshioka, et al.”, There are some different points in
this article compared with the literatures. The first, tumor size
is reported positively correlated with the severity of PTBE"
but not in this article. There are a few articles with negative
correlation in the tumor size too. The second, irregular shape
of tumor margin and absence of peritumoral rim are considered
as invasive pattern of the brain tumor interface, and positively
correlated with the PTBE but not in this article. First of all
the pial blood supply to the meningioma is an important factor
in producing PTBE on radiologic point of view, and it was
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confirmed in this article. But the cause of PTBE in meningioma
seemed to be multifactorial.

Lastly we have to think about the biochemical, molecular
biologi aspects of the pathogenesis of the PTBE, and tumor
plasminogen activator, macrophage infiltration, platelete-
activity factor with leukocyte common antigen, and vascular
endothelial growth factor expression in the meningioma have
been studied so far.

Byung Kyu Cho
Seoul National University

References
1.Go KG, Wilmink JT, Molenaar WM : Peritumoral brain edema
associated with meningiomas. Neurosurgery 23 : 175 - 179, 1988
2. Yoshioka H, Hama S, Taniguchi E, Sugiyama K, Arita K, Kurisu K :
Peritumoral brain edema associated with meningoma : Influence of
vascular endothelial growth factor expression and vascular blood supply.
Cancer 85 : 936 - 944, 1999

VOLUME 37 [ June, 2005 : 431



