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Summary

Purpose: In a series of 78 consecutive patients we analyzed
the influence of peritumoral edema (PTE) and angiogenesis
(vascular endothelial growth factor/ VEGF expression) on
the prognosis of morbidity and postoperative complications
after intracranial meningioma surgery.

Methods: A retrospective analysis was performed of clin-
ical, neuroradiological and histological data of 78 micro-
surgically treated patients with intracranial supratentorial
meningioma, with follow-up period of at least one year.

Results: The severity of PTE showed significant correlation
with VEGF expression, and all patients with large PTE (>40
mm) had strong VEGF expression (>50%). Treatment outcome
was significantly better in patients with low VEGF expression

Introduction

PTE in intracranial neoplasms is a serious
complication [1], thus the severity and extent of
PTE may limit the operative exposure and in-
crease the difficulty of resection. Severe PTE usu-
ally develops in malignant brain tumors, includ-
ing glioblastoma multiforme and metastatic brain
tumors [2] because malignant tumor vessels often
lack the tight junctions that are normally present
in cerebral microvessels, resulting in vasogenic
edema.

Meningiomas represent about 15% of all in-
tracranial neoplasms, and are generally extra-ax-
ial and benign, but in more than 50% are accom-
panied by PTE with no obvious relation to the size
or their histological features [3]. PTE is often of
vasogenic type due to disruption of the blood-

(p<0.05). All of the monitored postoperative complications
were more frequent in the group with PTE.The duration of in-
tensive care treatment in the group with PTE (mean 0.85 days)
was significantly longer than in the group without PTE (mean
3.68 days) (p=0.003). In the group without PTE, the outcome
was significantly better than in patients with PTE (p<0.01).

Conclusion: PTE in intracranial meningiomas has signif-
icant influence on the prognosis in surgically treated pa-
tients in terms of increased risk of morbidity and postoper-
ative complications. VEGF expression is strongly correlated
with PTE formation, which also affects the outcome in the
management of patients with intracranial meningioma.
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brain barrier with leakage of fluid and proteins
out of the vessels and into the brain tissue [4].
Several factors such as tumor size, tumor location,
histologic type, blood supply to tumor, degree of
VEGF expression and sex hormone receptors in
the tumor, have been reported to correlate with
PTE, but still mechanisms by which meningiomas
produce PTE is not fully elucidated [5-7].
Vascularisation type of meningiomas and the
amount of blood supply have significant influence
on PTE production, and in that sense are related to
higher morbidity and postoperative complications
in surgically treated patients [8,9]. Hypervascular
meningiomas particularly fed by the pial-cortical
arteries exhibit significantly more severe edema
compared with those supplied only from the me-
ningeal arteries [9]. Large tumor volume and high
grade histology (atypical or malignant type) may
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also be associated with the development of PTE
that influences the perioperative morbidity and
mortality [9].

Several studies have suggested that increased
expression of VEGF plays significant role in men-
ingioma hypervascularity, PTE genesis and cell
proliferation, factors that influence the recurrence
rate and prognosis after surgical treatment [10,11].

The aim of the present study was to investi-
gate the influence of PTE and angiogenesis (VEGF
expression) on the prognosis of morbidity and
postoperative complications after intracranial
meningioma surgery.

Methods

This study enrolled 78 patients with intracranial
meningioma of supratentorial localization, surgical-
ly treated at the Department of Neurosurgery of the
Clinical Hospital Center Zemun- Belgrade from Janu-
ary 2009 to April 2011. Their postoperative status was
monitored until the end of April 2012, so the patient
follow up period was at least one year.

The studied patients were divided into two groups:
I) the first group- with presence of PTE; and II) the sec-
ond group (control group)- without PTE.

Presence or absence of PTE was examined on pre-
operative CT scan or MRI, and the width of PTE was
measured in mm (in the direction of maximal tumor
diameter; Figure 1). The severity of PTE was divided as
follows: small edema (1-20 mm); moderate edema (21-
40 mm); and large edema (> 40 mm).

In all of the cases radical surgical tumor resection
was performed (complete tumor excision with resection
and ablation of dural attachment- Simpson [12] grade I,
or coagulation of dural attachment in falx meningioma
and cranial base meningioma cases- Simpson grade II.

Histological analysis included the samples of 78
resected meningiomas and took place at the Depart-

Figure 1. Cranial CT scan. Parietal parasagital men-
ingioma (maximal tumor diameter 46 mm) with large
peritumoral edema (>40 mm).

ment of Clinical Pathology, Clinical Hospital Center
Zemun- Belgrade. The histological report contained
WHO grade and histologic type of meningioma. Each
sample was processed in multiple sections and stained
with standard hematoxylin & eosin and other routine
methods.

Immunohistochemistry

Immunohistochemistry was carried out on forma-
lin-fixed, paraffin-embedded 4-micron sections of each
tumor specimen using the streptavidin-biotin-peroxi-
dase method (LSAB-2/HRP system, Dako Corporation,
Glostrup, Denmark) with 3,3-diaminobenzidine-tet-
rahydrochloride (DakoCytomation, code no.K3468) as
chromogen. The antibodies used were specific for Ki-
67 antigen (MIB-1 DakoCytomation, code no.N1633),
VEGF (DakoCytomation, code no.M7273 and DakoCy-
tomation code no.N1633) and CD34 (DakoCytomation,
code n0.LS039). Negative controls for each tissue sec-
tion were made by leaving out the primary antibody
for Ki-67, VEGF and CD34. Mantle cell lymphoma
tissue was used as positive control. All samples were
processed under the same conditions. The percentages
of cells expressing Ki-67 were determined by count-
ing 1000 cells per slide in areas of highest density of
staining (“hot spot”) over a minimum of 10 high-power
fields. To evaluate the microvascular density (MVD) of
the meningiomas, we immunostained the tissue sec-
tions for CD34, which identifies vascular endothelial
cells. A microscopic field of the most intense vasculari-
zation in each specimen under x200 magnification was
photographed as a JPEG file with a microscope digi-
tal color camera. Slides were analyzed using a Leica
DM1000® light microscope.

Immunoexpression of VEGF was measured ac-
cording to presence of cytoplasm immunopositivity in
meningioma cells (Table 1).

The following variables were analyzed in relation
to the presence or absence of PTE: age, gender, clinical/

Table 1. Immunohistochemical analysis of VEGF
expression

Imnunoexpression of VEGF Grade
%
0-25 1
26-50 2
51-75 3
>75 4

neurological presentation, tumor volume, histological
type, WHO grade, VEGF, MVD and Ki-67 expressions,
postoperative neurological deterioration, signs of in-
tracranial hypertension after surgery, intracranial he-
matoma on postoperative CT scan, edema with mass
effect on postoperative CT scan, ischemic lesion(s) on
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postoperative CT scan, hospital stay after surgery, and
duration of treatment in intensive care unit after sur-
gery. The patients’ outcome at discharge and during
the follow-up period was assessed by the Glasgow Out-
come Score (GOS) scale.

Statistics

All data were processed and analyzed using the
Statistical Package for Social Sciences (SPSS) software
(version 14).

For nominal dichotomous variables chi square or
Fisher’s exact test were used according to the frequen-
cy of cases in each category (for N<5, Fisher’s exact test
was used), and for continuous variables with normal dis-
tribution Student’s t-test was used (in case of non-nor-
mal distribution based on Kolmogorov-Smirnoff test-
ing, Mann-Whitney U test was preferred).

P-values < 0.05 were considered as statistically
significant.

Results

The study included 61 (78.2%) women and
17 (21.8%) men. Age ranged from 37 to 80 years
(mean 60.76 ) and symptom duration ranged from
1 to 60 months (mean 7.49). PTE was present in
53 (67.9%) patients and absent in 25 (32.1%).

Patient gender and PTE

In both groups (with and without PTE) there
was a marked female predominance. In the group
of 53 patients with PTE, there were 13 (24.5%)
men and 40 (75.5%) women (x2, p=0.000). In the
group without PTE, there were 4 (16.0%) men and
21 (84.0%) women (x%, p=0.001). However, no sta-
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Figure 2. Tumor volume and peritumoral edema.
Tumor volume significantly correlated with peritumoral
edema. However, tumor volume was not correlated with
severity of peritumoral edema.
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tistically significant difference in sex distribution
was noted between these two groups.

Clinical presentation and PTE

Twenty one (39.6%) patients in the group
with PTE had pyramidal deficit on admission and
10 (18.9%) patients had psychoorganic syndrome,
while in the group without PTE 14 (56%) patients
had focal or generalized seizures (Table 2). There
was a significant difference in the neurological
presentation between patients with and without
presence of PTE (x?, p<0.01).

Tumor volume and PTE

Tumor volume in the group with PTE (mean
volume 49.4 cm®) was significantly larger than
in those without edema (mean volume 35.16 cm?;
Student’s t-test, p<0.01; Figure 2). However, tu-
mor volume was not correlated with the severity
of PTE.

VEGF expression and PTE

In the group without PTE, 24 (96%) patients
had low level (up to 25%) of VEGF expression,
while in the group with PTE 17 (32.1%) patients
had high level (50-100%) of VEGF expression and
that difference was statistically significant (x?,
p<0.01; Figure 3).

MVD was also significantly higher in the
group with PTE (mean 41.34) than in the group
without PTE (mean 29.68; Student’s t-test, p<0.01).
Proliferative cell potential (with Ki 67 antigen)
was significantly higher in meningiomas with
PTE (mean 5.55) compared to meningiomas with-
out PTE (mean 3.56; Student’s t-test, p<0.05).

The severity of PTE showed significant cor-
relation with VEGF expression. All patients with
large PTE (> 40 mm) had high level of VEGF ex-
pression (> 50%) (x2, p<0.05).

Table 2. Analysis of clinical presentation in patients
with meningiomas with and without PTE (x2, p< 0.01)

Clinical presentation on Meningioma Meningioma
admission with PTE without PTE
N (%) N (%)
Without deficit 6(11.3) 3(12)
Fo.cal or generalized 8 (15.1) 14 (56)
seizures
Pyramidal deficit 21 (39.6) 5(20)
Dysphasia 4 (7.5) 0 (0)
Visual disturbance 0 (0) 2 (8)
Psychoorganic 10 (18.9) 0(0)
syndrome

PTE: peritumoral edema
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Figure 3. VEGF expression showed significant correla-
tion with the presence of peritumoral edema.

VEGF expression and outcome

VEGF expression showed significant corre-
lation with treatment outcome as assessed by
the GOS scale. At discharge and after one year
follow-up period, the outcome was significantly
better in patients with low VEGF expression com-
pared to patients with high expression of VEGF (x?
, p<0.05; Table 3).

Postoperative neurological complications and PTE

Appearance or worsening of neurological
deficits in the early postoperative period had 19
(35.8%) patients with PTE and 6 (24%) without
PTE (x%, p>0.05). Signs of intracranial hyperten-
sion with altered level of conciousness appeared
in 10 (18.9%) patients with PTE and in one (4%)
without PTE postoperatively (x?, p>0.05). Fur-
thermore, significant intracranial hematoma on
control CT scan had 13 (24.5%) patients with PTE
and 2 (8%) without PTE (x?, p>0.05). Ischemic
lesion(s) on postoperative CT scan appeared in 6
(11.3%) patients with PTE and in 2 (8%) without
PTE (x2, p>0.05). All of these complications were
more frequent in the group of meningiomas with
PTE, but these differences were not statistically
significant. However, postoperative edema with
mass effect on control CT scan appeared in 16
(30.2%) patients with PTE as opposed to only one
(4%) patient without PTE (x? , p<0.01).

Duration of hospitalization and intensive care treatment

The duration of postoperative hospitalization
in the group with PTE (mean 14.45 days) did not
differ significantly compared to patients without
PTE (mean 12.96 days), but the duration of treat-
ment in intensive care unit in the group with PTE
(mean 6.85 days) was significantly longer than in

Table 3. VEGF expression and outcome assessed by
the Glasgow Outcome Score (GOS) scale (x? p<0.05)

GOS scale VEGF expression
<25% 25-50%  51-75%  76-100%
N (%) N (%) N (%) N (%)
Good recov- 18 (34.6) 1(11.1) 1(8.3) 0 (0)
ery
Moderate 25(48.1) 4(444) 3(25) 2 (40)
disabilities
Severe dis- 6(11.5) 3(33.3) 7(583) 3 (60)
abilities
Lethal out- 3(5.8) 1(11.1) 1(8.3) 0 (0)
come
Total 52 9 12 5
p-value 0.000 0.392 0.046 0.655

Table 4. Patient outcome assessed by the Glasgow
Outcome Score (GOS) scale (after one year follow up
period) in the groups with and without peritumoral
edema

GOS scale Peritumoral edema
With Without
N (%) N (%)
Good recovery 17 (32.1) 17 (68)
Moderate disabilities 28 (52.1) 4 (106)
Severe disabilities 5(9.4) 2(8)
Lethal outcome 3(5.7) 2(8)
x?, p-value 0.000 0.009

Table 5. Duration of hospitalization and intensive
care unit treatment in patients with meningiomas
with and without peritumoral edema

Peritumoral Duration of hospi- Duration of
edema talization, days intensive care unit
Median (range) treatment, days
Median (range)
Without 12 (6-27) 3 (1-27)
With 13 (2-33) 4 (2-28)
T- test -1.095 -6.018
p- value >0.05 <0.03

the group without PTE (mean 3.68 days; Student’s
t-test, p<0.03; Table 4).

PTE and outcome

The outcome of patients at the end of treat-
ment and after one year follow-up was signifi-
cantly different between groups with and without
peritumoral edema (x?,p<0.05; after one year fol-
low-up x%,p<0.01). In the group without PTE, the
outcome was significantly better than in patients
with PTE (Table 5).
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Discussion

Several studies showed that intracranial men-
ingiomas occurred more frequently in females. In
adults, there is a marked female predominance with
female to male ratio 3:2 to 2:1 [13]. The annual oc-
currence of meningiomas is 2-7/100000 per year for
women, and 1-5/100000 per year for men [14,15].
However, in the Manitoba study female predomi-
nance was noticeable in patients only after the 5th
decade of life [16].

In our study, significant female predominance
in the whole patient population (78.2%), and in both
groups (with PTE- 75.5%, without PTE- 84%) was
present. These results are in agreement with previ-
ous findings, and might suggest a certain role of pro-
gesterone and estrogens in the genesis and growth
of meningiomas. The average age of patients in our
series was about 60 years, which is in accordance
with other reports that meningiomas show rising
incidence with age and are most common in the 6th
and 7th decade of life [13].

PTE was present in 67.9% of patients in our
study, corresponding to reports from the literature
that from 50% up to two-thirds of intracranial men-
ingiomas are accompanied by PTE [17-19] .The
clinical presentation of meningiomas with PTE dif-
fered significantly from meningiomas without PTE,
with most common manifestation pyramidal defi-
cits (39.6%), then psychoorganic syndrome (18.9%),
while meningiomas without PTE presented most of-
ten with focal or generalized seizures (56%). These
results showed that in meningiomas with PTE func-
tional damage of the cerebral cortex is dominating
(with different clinical manifestations depending on
tumor localization), while in meningiomas without
PTE excitating cortical dysfunction due to direct
contact with tumor tissue is of strong importance.

In a large prospective study Lee et al. [9] ana-
lyzed the clinical, neuroradiological, and patholog-
ical characteristics related to the formation of PTE
in 79 patients with intracranial meningiomas and
showed that large tumor volume, atypical or malig-
nant histological subtype, and pial-cortical arterial
supply were correlated with PTE in univariate anal-
ysis, whilst in multivariate analysis only pial-corti-
cal arterial supply was associated with PTE. Accord-
ing to their results, large tumor volume is closely
related to pial-cortical blood supply considered to be
the most important critical factor for the develop-
ment of PTE that influences the perioperative mor-
bidity and mortality in the management of patients
with meningioma.

Ide et al. [20] analyzed 39 cases of intracranial
meningiomas to identify factors causing peritumor-
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al brain edema. Edema was significantly correlat-
ed with tumor size and the destruction of the lep-
tomeninges and cortex. There was no correlation
between the presence of edema and location of
the tumor or histological features. Larger tumors
destroy the leptomeninges and cerebral cortex,
allowing direct transmission of humoral edema
- promoting factor or edema fluid into the white
matter, resulting in vasogenic edema.

A group of Turkish authors [21] analyzed
the relationship between patient age and gender,
meningiomas location, histological subtype, size,
and PTE. The authors reported that none of the
factors analyzed influenced PTE, except patient
age 61-70 years, which correlated with PTE.

In our study, there was no significant dif-
ference in patient age between groups with and
without PTE. However, tumor volume correlat-
ed significantly with presence of PT, which is in
agreement with previous findings [9,20]. In the
group of patients with PTE, meningioma volume
was significantly larger than in patients without
PTE.

In several studies, the cerebral-pial blood sup-
ply and VEGF have been implicated as causative
factors of PTE. Yoshioka et al. [11] investigated 73
supratentorial meningiomas to identify factors,
including type of arterial blood supply and VEGF
expression, that may influence the development
of meningiomas-associated PTE. In meningiomas
with cerebral-pial supply, the extent of PTE in-
creased significantly in conjuction with strong
VEGF expression. In contrast, meningiomas
without cerebral-pial supply developed little or
no PTE and showed less VEGF expression. These
results suggest that VEGF expression contributes
to PTE formation in meningiomas only when a
cerebral-pial blood supply exists. Similarly, Bitzer
et al. [22] found that development of tumor supply
from cerebral arteries may be important for for-
mation of meningioma-related edema. Therefore,
VEGF may represent a potent mediator in the evo-
lution of this type of vascularisation in meningi-
omas. Otsuka et al.[23] examined the influence of
VEGF expression and its two major receptors, Flt-
1 and Flk-1, on the development of PTE in intrac-
ranial meningiomas. After immunohistochemical
study, their data suggested that the expressions
of VEGF and VEGF receptors positively related to
each other and to the formation of PTE in patients
with meningiomas.

Our study of 78 patients with intracranial
meningiomas showed significant difference in
VEGF expression in relation to presence of PTE.
High levels of VEGF expression were found in
about one third of patients with meningiomas
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with PTE. Also, MVD and proliferative cell poten-
tial were significantly higher in meningiomas with
PTE, confirming the findings of Smith et al. [24]
that tumors with increased cellularity, vascularity,
and mitotic activity show edema more frequently.

Yamasaki et al. [25] in their study of supratento-
rial intracranial meningiomas with convexity local-
ization, and follow up period of at least 3 years after
complete surgical resection, found that high levels
of VEGF expression constituted the most useful pre-
dictor of recurrence and prognosis, compared to oth-
er analyzed factors. In our study, the level of VEGF
expression had significant influence on treatment
outcome, so patients with low expression of VEGF
had better recovery. These results suggest that angi-
ogenesis might have strong correlation with prog-
nosis in surgically treated patients with intracranial
meningiomas.

In a prospective study with follow up period of
one year, Vignes et al. [8] evaluated the clinical and
surgical significance of PTE in intracranial meningi-
omas. Edema was associated with a shorter course
of clinical disease, which suggests that neurological
symptoms are exacerbated by PTE. There was no
significant increase in mortality in their group of
patients with PTE, but edema was related to higher
morbidity in the surgical management of meningi-
omas. PTE was also associated with a longer hospi-
talization, increased difficulty of surgical resection,
and increased risk of postoperative intracranial he-
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