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Peritumoral Brain Edema in Meningiomas :
Correlation of Radiologic and Pathologic Features
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Objective : The primary objective of this study was to perform a retrospective evaluation of the radiological and pathological features influencing
the formation of peritumoral brain edema (PTBE) in meningiomas.

Methods : The magnetic resonance imaging (MRI) and pathology data for 86 patients with meningiomas, who underwent surgery at our institution
between September 2003 and March 2009, were examined. We evaluated predictive factors related to peritumoral edema including gender, tumor
volume, shape of tumor margin, presence of arachnoid plane, the signal intensity (SI) of the tumor in T2-weighted image (T2WI), the WHO histologi-
cal classification (Gl, GlI/Glll) and the Ki-67 antigen labeling index (LI). The edema-tumor volume ratio was calculated as the edema index (El) and
was used to evaluate peritumoral edema.

Results : Gender (p=0.809) and pathological finding (p=0.084) were not statistically significantly associated with peritumoral edema by univariate
analysis. Tumor volume was not correlated with the volume of peritumoral edema. By univariate analysis, three radiological features, and one patho-
logical finding, were associated with PTBE of statistical significance: shape of tumor margin (p=0.001), presence of arachnoid plane (p=0.001),
high Sl of tumor in T2WI (p=0.001), and Ki-67 antigen LI (p=0.049). These results suggest that irregular tumor margins, hyperintensity in T2WI, ab-
sence of arachnoid plane on the MRI, and high Ki-67 LI can be important predictive factors that influence the formation of peritumoral edema in
meningiomas. By multivariate analysis, only S of the tumor in T2WI was statistically significantly associated with peritumoral edema.

Conclusion : Results of this study indicate that irregular tumor margin, hyperintensity in T2WI, absence of arachnoid plane on the MRI, and high Ki-
67 LI may be important predictive factors influencing the formation of peritumoral edema in meningiomas.
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INTRODUCTION tions between various factors associated with PTBE, contribu-
tors include age, gender, tumor size, location of tumor, histolog-
Meningioma is a common brain tumor that develops in the ical findings, vascularity, sex hormone levels, the biology of the
intracranial cavity and displays a variety of radiological find-  tumor and signal intensity of tumor in T2WI. However, there
ings. The characteristics of meningioma include: various vascu- ~ were no clear explanations of these correlations"**¢*%.
larities, benign histological traits, and slow-growing tumors. This study was performed retrospectively to analyze the associ-
Peritumoral brain edema (PTBE) is found in more than half of  ation between meningioma edema, radiological characteristics,
all meningioma cases. Various degrees and shapes of edema  histological findings, and tumor labeling index (LI) in order to
have been reported, ranging from barely noticeable to up to 2-3  evaluate the effects of these factors on brain edema. The purpose

times the volume of the tumor®>>%

1315 PTBE increases intra-  of this study was to provide a foundation for pre-operative evalu-
cranial pressure and induces neurological impairment. Also,  ation of meningioma and prospective research on prognosis.

PTBE makes surgical approach difficult and influences surgical

outcome, prognosis and recurrence!>*1%2, MATERIALS AND METHODS
The precise mechanisms of the development of PTBE with
meningioma have not been clearly identified. Based on correla- We retrospectively reviewed 86 patients with brain tumors who

were histologically confirmed as meningioma between Septem-
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tumor margin, the existence of arachnoid plane, the signal in-
tensity (SI) of tumor in the T2-weighted image (T2WI), WHO
histological classifications, and Ki-67 antigen LI

The MRI findings were retrospectively analyzed by three
readers. When there were variations on readings, the decision
was made according to the results obtained by the majority of
the readers.

Tumor volume and edema were measured from the MRI.
The longest diameter of the tumor and the vertical diameter of
the tumor were measured from the axial image. The axial diam-
eter of the tumor was measured from the coronal image. These
three measurements were multiplied to calculate the volume of
the elliptical sphere (Fig. 1). PTBE volume was measured in a
similar manner by measuring the high SI region in T2WI that
was clearly distinguished from normal tissues, including the tu-
mor. Edema index was calculated by dividing the PTBE volume
by tumor volume. The Edema index represents the degree of
the PTBE, compared to tumor volume, with an index of 1.0 in-
dicating no PTBE development. For histological diagnosis, the
meningioma was divided into two groups, Grade I or Grade II/
Grade III, according to WHO classification.

Statistical analysis was done using SPSS 11 for Windows;
SPSS, Chicago, I11. The correlation between tumor volume and
PTBE volume was examined using Pearson’s correlation test.
The correlations between the ratio of the edema index and tu-
mor volume, gender, peritumoral arachnoid plane existence,
tumor interface shape, SI in T2WI, histological classification,
and Ki-67 antigen LI were examined using the X*-test for uni-
variate analysis as well as logistic regression for multivariate
analysis. Statistical significance was p<0.05.

RESULTS

The patient population consisted of 23 men and 63 women,
ranging in age from 15 to 77 years. PTBE was present in 50 cas-
es and absent in the other 36.

Fig. 1. A : Tumor volume (Vume) is measured from MR image, that is, from
maximal perpendicular diameters (radii a and b) of the tumor. Coronal di-
ameter of the tumor is approximated by coronal section images showing
tumor tissue (radius c, not shown here). B : Volume of tumor and edema
(V7umor + ecema) i measured with same method. The resulting of volume is
then approximated using the formula for a spheroid : Volume=4/3xmx
abc. Edema IndEX=(Vrumm + Edema)/ (VTumor)-
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Relationship between gender and peritumoral brain
edema

Of the 23 male cases, six had accompanying PTBE, while ede-
ma was found in 30 of the 63 female cases. No significant corre-
lation was observed between PTBE and gender (Table 1).

Relationship between tumor volume and peritumoral
brain edema

PTBE volume tended to be proportional to tumor volume. The
average volume of the meningioma accompanying PTBE was
36.28 cmy’, which was larger than the 8.81 cm? average volume of
meningiomas without edema. However, the relationship between
tumor volume and edema size was not significant (Fig. 2).

Relationship between the shape of tumor margin and
peritumoral brain edema

MRI was used to examine the correlation between PTBE and
the shape of tumor margin. We divided the tumor margin into
irregular or smooth type. We defined ‘smooth margin’ in con-
trast to marginal irregularities with nodularity, indentation or
projections. Twenty-four of the 27 cases showed irregular mar-
gins and 26 of the 59 cases showed smooth surfaces, accompa-
nied by PTBE. An irregular margin was significantly more like-
ly to accompany PTBE (p=0.001) (Table 2).
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Fig. 2. Relationship of tumor volume and edema volume. p=0.537.

Table 1. Analysis of gender and peritumoral brain edema

gender PTBE (-) PTBE (+) Total

Male 6(26.1%) 17 (73.9%) 23 (100%)
Female 30 (47.6%) 33 (52.4%) 63 (100%)
Total 36 (41.9%) 50 (58.1%) 86 (100%)

p=0.809, present : +, absent : -, PTBE : peritumoral brain edema

Table 2. Analysis of tumor margin and peritumoral brain edema

Tumor margin PTBE (-) PTBE (+) Total

Smooth 33 (55.9%) 26 (44.1%) 59 (100%)
Irregular 3(11.1%) 24 (88.9%) 27 (100%)
Total 36 (41.9%) 50 (58.1%) 86 (100%)

p=0.001, present : +, absent : -, PTBE : peritumoral brain edema
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Relationship between the arachnoid plane and
peritumoral brain edema

The arachnoid plane was absent in 20 cases, and 19 of these 20
cases showed PTBE. The arachnoid plane was present in 66 cas-
es, and 31 of these 66 cases showed PTBE. These results indicate
that PTBEs would occurr with a statistically higher frequency in
the former cases than in the latter (p=0.001) (Table3).

Relationship between the T2-weighted image signal
intensity and peritumoral brain edema

When the SI of the tumor in T2WT was compared with brain
gray matter, fifty-four cases had higher SI, and 39 of theses 54
cases showed PTBE. Thirty-two cases shoed equal or lower SI,
and 11 of these 32 cases showed PTBE. These results indicate
that PTBEs would occurr with a statistically higher frequency
in the former cases than in the latter. Higher-signal intensity ac-
companied PTBE was seen significantly more often than lower
signal intensity (p=0.001) (Table 4).

Relationship between tumor histological classification
and peritumoral brain edema

Of the 86 meningioma cases, 71 were classified as WHO GI,
based on histological tests, and 38 of the 71 cases had accompa-
nying PTBE. Of the 15 cases classified as GII/GIII, 12 had ac-
companied PTBE. However, the relationships between the two
groups were not significant (Table 5).

Relationship between Ki-67 antigen labeling index and
peritumoral brain edema

The Ki-67 antigen LI represents the differentiation potential
of the meningioma, and the average index for all cases in this
study was 4.2%. For analysis of the correlation between the Ki-

Table 3. Analysis of arachnoid plane and peritumoral brain edema

PTBE (-) PTBE (+) Total
Arachnoid plane (-) 1 (5%) 19 (95%) 20 (100%)
Arachnoid plane (+) 35 (53%) 31 (47%) 66 (100%)
Total 36 (41.9%) 50 (58.1%) 86 (100%)

p=0.001, present : +, absent : -, PTBE : peritumoral brain edema

Table 4. Analysis of T2 signal intensity of tumor and peritumoral brain
edema

T2 intensity PTBE (-) PTBE (+) Total
Low/Iso 21 (65.6%) 11 (34.4%) 32 (100%)
High 15 (27.8%) 39 (72.2%) 54 (100%)
Total 36 (41.9%) 50 (58.1%) 86 (100%)

p=0.001, present : +, absent : -, PTBE : peritumoral brain edema

Table 5. Analysis of pathology and peritumoral brain edema
Pathology PTBE (-) PTBE (+) Total
WHO grade I 33 (46.5%) 38 (53.5%) 71 (100%)
WHO grade II/ITI 3(20%) 12 (80%) 15 (100%)
Total 36 (41.9%) 50 (58.1%) 86 (100%)

p=0.084, present : + , absent : - , PTBE : peritumoral brain edema
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67 antigen LI and the edema ratio, the cases were grouped as
being either above or below 4%. Of the 47 cases with a Ki-67
antigen LI below 4%, 22 had associated PTBE, while edema was
found in 28 of the 39 cases with a Ki-67 antigen LI of 4% or
higher. Cases with a Ki-67 antigen LI of 4% or higher showed a
significant correlation with PTBE (p=0.049) (Table 6).

Univariate and multivariate statistical analyses of
peritumoral brain edema

Based on univariate statistical analysis, factors that displayed
significant correlation with PTBE were: higher than 4% Ki-67
LL high SI of tumor, irregular tumor margin, and absence of
arachnoid plane. However, as seen in Table 7, multivariate lo-
gistical analysis suggested that only a high SI in T2WI was sig-
nificantly correlated with PTBE (p=0.012) (Table 7).

DISCUSSION

Meningioma is an intracranial tumor that develops in the
meninges surrounding the brain. It is histologically benign, and
PTBE is found in more than half of cases"”. In addition to age
and gender, radiological findings, including tumor size, vascu-
larity, tumor location, tumor shape, and histological findings
(such as macrophage infiltration), and an increase in the num-
ber of dividing cells have been reported as possible causes of
PTBE>'*!"1, However, the causes of meningioma with accom-
panying PTBE have not been identified. Because brain edema
has been reported to influence post-operative fatality and me-
ningioma prevalence'®'?, numerous studies have investigated
the causes of PTBE. One study proposed that it is caused by in-
creased permeability through white matter fibers that become
relatively loose around the limiting membrane of the tumor"'?,
while another study reported that vascular brain edema is caused
by a failure of the blood-brain barrier'®. However, the exact
pathogenesis of PTBE in meningioma has not yet explained.

From univariate analyses in this study, we concluded that cas-

Table 6. Analysis of Ki-67 antigen LI and peritumoral brain edema

Ki-67 LI PTBE () PTBE (+) Total

Ki-67<4% 25 (53.2%) 22 (46.8%) 47 (100%)
Ki-6724% 11 (28.2%) 28 (71.8%) 39 (100%)
Total 36 (41.9%) 50 (58.1%) 86 (100%)

p=0.049, LI : labeling index, Present : +, absent : -, PTBE : peritumoral brain
edema

Table 7. Univariate and multivariate statistical analyses of peritumoral
brain edema

Factors Univariate Multivariate
Pathology (WHO grade I, II/III) 0.084 0.829
Ki-67 LI (<4%, =4%) 0.049* 0.387

T2 intensity (low/iso, high) 0.001* 0.012*
Arachnoid plane (+/-) 0.001* 0.108
Tumor margin (smooth/irregular) 0.001* 0.193

*p<0.05 : statistically significant, Present : +, absent : -, LI : labeling index
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es with irregular tumor margins, as identified by MRI, absence
of peritumoral arachnoid plane, high SI of the tumor in T2WI,
and high Ki-67 antigen LI were significantly correlated with
PTBE. From multivariate analysis, we confirmed that only cases
with a high SI of the tumor in T2WI were statistically associat-
ed with PTBE.

Previous studies have reported that gender and PTBE are not
correlated and, in this study, we arrived at the same conclu-
sion*'"*". Nevertheless, since anaplastic meningioma occurs
with a higher frequency in women than in men, further patho-
logical research is necessary to consider various factors, such as
gender differences, in the release of sex hormones.

A number of papers have reported no statistical significance
between meningioma volume and peritumoral edema, consis-
tent with our findings>”. However, a larger tumor is more likely
to cause vascular, ischemic, and secondary brain edema, and
some studies have claimed that venous compression of menin-
gioma is a major factor in PTBE development"'"'. These hy-
potheses suggest that additional research regarding the relation-
ship between meningioma size and PTBE frequency is needed.

Some studies have reported that meningioma with irregular
margins has a higher PTBE frequency than meningioma with
smooth margins,which is in agreement with the results of our
study'™'?. The level of irregularity represents the relationship
between tumor surface and the adjacent brain tissues, especially
the vascularity of the cortex within the margin'?.

The arachnoid plane around the tumor margin is also a factor
representing a physiological barrier of the adjacent normal brain
tissues from tumors such as meningioma. Previous studies have
reported a higher frequency of PTBE in the absence of the
arachnoid plane, consistent with the results of our study®. The
arachnoid plane is a brain-cerebrospinal barrier that is not wa-
ter-permeable. The pia mater is permeable for water and elec-
trolytes, but is not permeable for polymers, such as plasma pro-
teins, and the cerebral cortex is not water-permeable. Therefore,
vascular edema may occur from plasma proteins and blood
plasma flowing into the white matter because of increased vas-
cular permeability. This may occur by edema fluid produced by
meningioma and substances that contribute to the develop-
ment of edema.

A high SI in T2WI of the tumor indicates a high water con-
tent and a high level of vascularity in the tumor'®'?
with high water content can easily spread to adjacent organs be-
cause of differences in osmotic pressure'?. We observed a sig-
nificant association between a high SI in T2WI and PTBE. The
difference in water content level in tumors appears to be the
cause of this result.

Atypical and anaplastic meningiomas (GII/GIII) have been
reported to show higher cell proliferation rates than benign me-
ningiomas (GI)?. Also, PTBE in intracranial meningiomas has
been reported to be associated with histological grade®. How-
ever, our results did not support these findings. The discrepan-
cy suggests that the mechanism of PTBE development in me-

. Tumors
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ningioma is different from the brain edema of other intracranial
tumors.

Several studies have found that the MIB-1 monoclonal anti-
body, which stains the Ki-67 antigen, acts as an index of growth
and meningioma recurrence®'”. Meningiomas, with a high Ki-
67 antigen LI, display high levels of vascularity and water per-
meability'. A study on Ki-67 antigen LI and recurrence of par-
tially removed meningioma has found that the higher the Ki-67
antigen LI, the faster the tumor’s doubling time and growth
rate. In our study, based on an average Ki-67 antigen LI of 4%
from 86 cases, we concluded that a higher Ki-67 antigen LI
leads to a higher frequency of PTBE, consistent with previous
findings. PTBE must be considered when deciding on a strate-
gy for the management of a meningioma, because it may be re-
lated to perioperative morbidity, invasion potential, and menin-
gioma recurrence.

CONCLUSION

We suggest that irregular tumor margin, hyperintensity of tu-
mor in T2WI, absence of arachnoid plane on the MRI, and high
Ki-67 LI may be important predictive factors influencing the
formation of peritumoral edema in meningiomas. According to
multivariate analysis, only hyperintensity of tumors in T2WI
was significantly associated with peritumoral edema.
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