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Abstract

Background: Meningioma is the commonest primary intracranial tumour in adults.
Excision is curative for low grade meningioma, whereas high-grade meningioma requires
adjuvant therapy following surgery. Several studies have examined the association between
peritumoural brain Edema — a common feature in meningioma — and histological grading with
mixed results. The present study attempted to elucidate this association and if peritumoural brain
Edema affects the intra-operative judgement of surgeons on the completeness of resection.

Methods: An observational study was conducted among those who underwent surgery
for meningioma. Eighteen subjects were recruited each for low- and high-grades, respectively.
Magnetic resonance imaging (MRI) prior to surgery was employed for interpreting the Edema
index and MRI after surgery was used to determine residual tumour.

Results: Median age was 50 years, male to female ratio was 1:3.5, 69.4% had peritumoural
brain Edema and 75% had reported gross resection. Among the reported gross total resection
cases, 40.7% had residual tumour. Analysis showed statistically significant association between
peritumoural brain Edema (P = 0.027) and tumour volume (P = 0.001) with high-grade
meningioma, however multivariate analysis did not present any association. No association was
noted between judgement of tumour resection by surgeons and peritumoural brain Edema.

Conclusion: Odds ratio for peritumoural brain Edema remained high and the
tumour volume exhibited marginal P-value marginal significance for prediction of high grade
meningioma. These two factors may still contribute to the tumour grade and should be included in
further studies on the prognosis of meningioma.
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Introduction

Meningiomas make up 33.8%—34.4% of the
primary intracranial tumours observed in adults
and are even more common than glial tumours,
which comprise 31.1% of all primary intracranial
tumours (1—2). Advancing age increases the risk
of a diagnosis of meningioma, with the highest
risk occurring between 60 and 70 years of age
(2). Meningioma is assumed to arise from the
arachnoid, particularly from the outer arachnoid
layer and arachnoid villi, which are called the
arachnoid cap cells and are diverse in their
distribution throughout the central nervous
system (3).

Meningiomas are distinguishable into three
histological grades. Grade 1 meningioma occurs
in almost 80% of cases, has a low proliferative
potential, and is often cured through surgical
resection. Grade 2 meningioma may infiltrate
locally despite its low proliferative potential and
also carries a probability of recurrence. Grade
3 meningioma generally reveals histological
evidence of malignancy, including nuclear atypia
and brisk mitotic activity (4).

Meningioma patients usually present
with seizures, symptoms of raised intracranial
pressure, and focal neurological deficits that are
associated with the location of the tumour. These
symptoms are exacerbated by peritumoural
Edema and are occasionally visible when
peritumoural Edema is present or increases
(5-6).

Surgery alone is usually sufficient to treat
grade 1 meningioma; despite complete excision,
grade 2 meningioma has an eight-fold increased
risk of recurrence (3). Grade 3 meningioma is
considerably more aggressive, with an average
survival period of two years or less (7). Despite
some prior controversies, adjuvant radiotherapy
continues to be recommended to treat grades
2 and 3 due to the locally invasive nature of the
disease. Nevertheless, recent data regarding
adjuvant therapy have shown promising results
comparable with a second surgery for incomplete
excision and recurrence (8—9).

The amount of peritumoural Edema is
associated with the degree of blood-brain
barrier breakdown; thus, if the tumour grade
(malignancy) is higher, then the extent of the
blood-brain barrier breach is greater. Therefore,
tumours with a higher grade tend to produce
more Edema (10).

Several studies have investigated the
association between peritumoural brain Edema
and the histopathological categorisation of the
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meningioma. While a few researchers have
reported a significant connection (11—12), others
have observed no such association (13—15). Thus,
the connection between the histopathological
grading of the meningioma and the presence of
peritumoural brain Edema remains obscure.
Surgical intervention in intracranial
meningioma patients aims for complete
resection, which produces an improved long-
term recurrence rate (6, 16). Attempts have
been made to determine whether peritumoural
Edema results from local infiltration and if the
presence of vascular endothelial growth factor
influences the totality of the resection of the
intracranial meningioma (10, 17—18). This study
examined the relationship between the presence
of peritumoural Edema and the histological
outcome of the meningioma. We also attempted
to determine whether peritumoural Edema
in any way affected the surgeons’ judgement
regarding the completeness of the resection.

Materials and Methods

This cross-sectional observational study
was conducted over a 5-year period on patients
who had undergone a first-time tumour excision
at Hospital Kuala Lumpur of a histologically
confirmed meningioma. Institutional ethical
approval was obtained from the Medical
Research and Ethics Committee of the Ministry

of Health in Malaysia.
Over a 5-year period, 168 cases of
histologically confirmed intracranial

meningioma were identified. Less than half of
these cases (78 patients) were included in this
study largely due to missing data or a delay in
performing a follow-up magnetic resonance
imaging (MRI) scan post surgery.

Peritumoural brain Edema

Brain Edema is defined as an expansion
of the brain volume due to increased water and
sodium content (20). This condition is identified
on MRI as a hyper-intense image on T2-weighted
scans and as a hypo-intense one on T1-weighted
scans (21).

In the current study, the tumour volume
and Edema were measured using pre-operative
contrast-enhanced MRI films. The sagittal and
coronal diameters were determined from the
axial images. The coronal images were used to
measure the axial diameter (Figure 1). These
measurements were employed to estimate the
volume of reasonably regular shaped ellipsoid
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and concave objects by applying the formula
abc/2, where a is the sagittal diameter, b is the
coronal diameter and c is the axial diameter
(22—26). This formula was used to measure
peritumoural brain Edema by employing high
signal intensity changes on T2-weighted images

(Figure 2). The Edema index represents the
degree of peritumoural Edema compared with
tumour volume and is calculated by dividing
the peritumoural brain Edema volume by the
tumour volume. An Edema index of more than
1.0 signifies peritumoural brain Edema.

Figure 1. Illustration on how the diameters used in the calculation of tumour volume is measured

Figure 2. Illustration on how the diameters used in the calculation of peritumoural Edema volume is

measured
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Tumour grade

The World Health Organisation (WHO)
classifies meningioma using three distinct
grades. Grade 1 denotes a low proliferative
potential that may be cured through surgical
resection. Grade 2 lesions are locally infiltrative
with a tendency to recur, despite their low
proliferative index. Grade 3 lesions generally
show histological evidence of malignancy (38—
39). In terms of management, grades 2 and 3
require adjuvant therapy even after total tumour

excision due to their tendency to recur and were
thus classified as high grade in this study (42).

Excision

The extent of surgical resection of the
meningioma has been reported to be correlated
with recurrence and is distinguishable into five
grades (16) (Table 1). To date, this is the most
widely used and accepted grading system for
meningioma resection. Generally, grades I-III
denote complete macroscopic tumour excision.

Table 1. Summary Simpson Grading for excision of meningioma

Grade Description

1 Macroscopically complete removal of the tumour, with excision of its dural attachment, and
of any abnormal bone. Where the tumour arises from the wall of a dural venous sinus, such an
operation necessarily entails resection of the sinus.

2 Macroscopically complete removal of the tumour and of its visible extensions, with endothermy
coagulation (usually to the point of charring) of its dural attachment.

3 Macroscopically complete removal of the intradural tumour, without resection or coagulation
of its dural attachment, or alternatively, of its extradural extensions, e.g., an invaded sinus or
hyperostotic bone.

4 Partial excision of tumour, leaving intradural tumour in situ.

5 Simple decompression, with or without biopsy.

(Simpson, 1957)

Residual tumour

The presence of a residual tumour was
determined by post-operative MRI, which is
routinely performed between 12 and 24 weeks
after surgery. The MRI images were interpreted
by the resident neuroradiologist based on the
contrast uptake and signal intensity changes.

Surgeons’ experience

The surgeons were classified into three
groups based on their number of years of
experience after post-graduate training as
follows: more than three years; between one
and three years; and less than one year, which
included the senior neurosurgery residents.
This was a practical approach in our local
setting because surgeons with less than one
year of experience were still considered to be
in training, while those with more than three
years of experience were generally accepted as
independent surgeons.
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Results

During the study period, 168 confirmed
intracranial meningioma cases were recorded.
The histopathological records of the 168 cases
revealed that 147 had grade 1 (low grade)
meningioma and 21 showed grades 2 and 3
(high grade) meningioma, which implied an
approximately 12.5% incidence of high-grade
meningioma.

After analysing the demographic data, no
significant association was found for age, gender
or racial profile with the histological grading of
meningioma. The P-value was greater than 0.05
in all cases (Tables 2 and 3).

Tumour volume and peritumoural brain
Edema had a significant association with high-
grade meningioma upon univariate statistical
analysis. Multivariate analysis using binary
logistic regression was performed on these
independent variables (Table 4). Peritumoural
brain Edema had an odds ratio (OR) of 6 with a
95% confidence interval (CI) of 0.634-56.924,
whereas the tumour volume had an OR of 1.022
with a 95% CI of 0.999—-1.046 for the association



Original Article | PTBE to predict grade and resection of meningiomae

with high-grade meningioma. The Nagelkerke R
square was fairly representative at 0.439.
Multivariate analysis of the independent
variables, including the presence of peritumoural
brain Edema, tumour volume, histological
grading (grades 2/3) and surgeons’ amount

Table 2. Histological Outcome

of experience compared with the presence of
residual tumours on follow up reported as gross
resection during surgery, was performed using
binary logistic regression. The variables were
found to be statistically insignificant (Table 5).

Histopathology
Low grade High Grade
Age
Mean 46.78 48.11 0.800%
SD=15.46 SD=17.16
Race
Malay 9 (50.0) 10 (55.6)
Chinese 6 (33.3) 6 (33.3) 0.496°
Indian 2 (11.1) [}
Others 2 (5.6) 2 (11.1)
Gender
Male 3(16.7) 5(27.8) 0.691°
Female 15(83.3) 13(72.2)
Duration
Mean (months) 12.42 10.42 0.720°2
SD=29.67 SD=84.10
Seizures
Absent 14(77.8) 10(55.6) 0.164°
Present 4(22.2) 8(44.4)
Tumour Volume
Mean (cm3) 32.92 96.67 0.001?
SD=29.67 SD=84.10
Peritumoural Brain
Oedema
Absent 9(50.0) 2(11.1) 0.027"
Present 9(50.0) 26(88.9)

aMann-Whitney test applied
Chi-square test applied
Fisher exact test applied
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Table 3. Completeness of Resection

Residual
P-value
No Yes
Surgeon’s Experience 0.265%
< 1year 3(18.8) 5(45.5)
1-3 years 9(56.3) 3(27.3) 0.104
> 3 years 4(25.0) 3(27.3) 0.450
Volume
Mean (cm3) 54.92 92.16 0.183
SD=64.48 SD=74.44
Peritumoural Brain Oedema
Absent 3(18.1) 2(18.2) 0.970°
Present 13(81.9) 9(81.8)
Histopathology
High grade 9(56.3) 3(27.3) 0.239°¢
Low grade 7(43.7) 8(72.7)
*Binary logistic regression applied
"Mann-Whitney test applied
‘Fisher exact test applied
Table 4. Factors which may affect the Histological Outcome
9 % CI
Adjusted 957 Povalue
OR Lower Upper
Tumour Volume 1.022 0.999 1.046 0.061
Peritumoural Brain Oedema
Oedema present 6.006 0.634 56.924 0.118
Oedema absent 1.000
Table 5. Factors which may affect the Completeness of Resection
% CI
oR — ®%  plale
Lower Upper
Tumour Volume 1.008 0.995 1.020 0.244
Histopathology
High grade 3.493 0.459 26.581 0.227
Low grade (ref)
Peritumoural Brain Oedema
Present 0.840 0.072 7.070 0.772
Absent (ref)
Surgeons Experiencea
Surgeons with < 1 year experience 0.100 0.010 1.003 0.050
Surgeons with > 3 years experience (ref)
Surgeons Experienceb
Surgeons with 1-3 years experience 0.251 0.024 2.605 0.247

Surgeons with > 3 years experience (ref)

asurgeons with < 1 year experience compared to surgeons with > 3 years’ experience
bsurgeons with 1-3 years’ experience compared to surgeons with > 3 years’ experience
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Discussion

This study identified the incidence of high-
grade meningioma to be 12.5%. This finding
concurs with the incidence of high-grade
meningioma (7.9%—-35%) reported in other
studies conducted after the introduction of the
WHO 2000 classification scheme (27—29).

Grade 1 (low-grade) meningioma has a
relatively good prognosis even with debulking;
grades 2 and 3 (high-grade) meningiomas have
a worse prognosis and necessitate adjuvant
therapy (8—9). Physicians are often asked
whether surgery is the end point of treatment
or if adjuvant therapy will be required post-
operatively. The ability to predict tumour grading
will enable the physician to give a more accurate
possibility of the treatment direction, instead
of waiting for the formal and time-consuming
histological diagnosis. Incomplete resection
is linked to an increased need for vigilant
surveillance necessitated by the residual tumour
and also an increased likelihood for another
surgery or adjuvant therapy.

Concurrent with the findings of other
studies, the present study revealed women
to be three times more likely to be diagnosed
with meningioma than men. In contrast, men
appeared to show a higher predisposition for
high-grade meningioma (62.5%) than women
(46.4%). Although this observation concurs with
the indirect inference drawn by several other
authors, it was statistically insignificant (31—32).

Ethnicity showed no predilection towards
meningioma because the distribution based on
racial composition almost mirrored the national
racial composition, and this distribution pattern
was observed in both the low- and high-grade
tumour groups (30, 33).

Patients with a high-grade tumour
reported a shorter duration of symptoms at
presentation; however, this difference was
statistically insignificant. To date, no studies
have compared the growth rate of the different
grades of meningioma. The differences in the
clinical expansion rate between high- and low-
grade meningiomas were often not very distinct
(34). Further studies are necessary to predict
local tumour aggressiveness and possible timing
of surgery to facilitate the safe allocation of
resources.

Forty per cent of patients with high-grade
meningioma had seizures at presentation,
as compared with only 22% of patients
with low-grade meningioma. The OR that a
patient with high-grade meningioma would

experience seizures was 2.8 and was statistically
insignificant, which was in line with an earlier
report (35). However, the incidence of seizures
among patients included in the current study was
much higher when compared with the findings of
a similar and more recent study by Hamasaki et
al. (31).

High-grade meningioma exhibited a three-
fold higher mean tumour volume than low-
grade meningioma (96.67 ¢cm?3 versus 32.92 cms,
respectively), which was statistically significant
in the univariate analysis. However, the lack
of earlier published data for a comparison of
this finding warrants further investigation.
The percentage of low-grade meningioma
patients with peritumoural brain Edema was
50.0%, while that of patients with high-grade
meningioma and peritumoural brain Edema was
88.9%. This finding was statistically significant
upon univariate analysis, had an OR of 8 and
concurs with the results reported in prior
studies (12, 19, 36), which suggested a positive
correlation between peritumoural brain Edema
and high-grade meningioma.

Among the 8 patients whose surgical
procedure was performed by surgeons with less
than 1 year of experience and were reported to
have presented a gross total resection, 5 (62.5%)
had a residual tumour. However, this rate was
the lowest at 25% (3 out of 12 patients) among
those patients who underwent surgery performed
by surgeons with 1-3 years of experience.
Nevertheless, the resection outcomes of the
more senior surgeons (> 3 years of experience)
were 3 out of 7 (42.9%) cases, in whom gross
total resection was noted and the residual
tumour was identified on the follow-up MRI.
This finding suggests that younger surgeons
have a tendency to overestimate their successes,
while the more senior surgeons might encounter
more technically challenging tumours. Of the 7
cases performed by the senior surgeons, 3 were
petroclival, 1 each involved the falx, medial
third sphenoid wing and olfactory groove, and
there was also 1 suprasellar tumour. In contrast,
7 out of the 8 cases handled by surgeons with
less than one year’s experience were convexity
meningiomas. This theoretically will be easier to
achieve complete resection.

The presence of peritumoural brain Edema
does not significantly alter the morphology of
the arachnoid plane or therefore impair the
surgeons’ judgement regarding the completeness
of the resection. Among patients with residual
brain tumours, follow-up MRIs indicated that
81.8% of them had peritumoural brain Edema,
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while 18.2% of patients did not. A similar
observation was noted among those without
residual tumours on follow-up MRIs (81.9%
revealed peritumoural brain Edema, while 18.1%
did not). In contrast, Vignes et al. reported a
significant correlation between the presence
of peritumoural brain Edema in meningioma
and surgical difficulty during resection. They
reported that 14 (46.7%) patients had a clear
arachnoid plane, while 16 (53.3%) showed an
ill-defined one. At the 1-year follow-up visit,
mortality and nil recurrence were reported in 29
patients, while 8 patients had tumours present at
the skull base (18).

High-grade tumours are linked to tumour
infiltration into the adjacent tissue. Both grade 2
and grade 3 meningiomas have been reported to
locally infiltrate (6). In fact, earlier studies have
established a relationship between the presence
of a high-grade tumour and its recurrence
(37-39). However, in the literature review, no
studies discussed the factors that produced
inadvertent residual tumours in meningioma.
We examined whether the histological grading
influenced the totality of the resection and found
that patients with high-grade meningioma had
a 3.5-fold higher chance (OR: 3.49) of having a
residual tumour, although this finding was not
statistically significant.

Univariate analysis has indicated that the
concurrent presence of peritumoural brain
Edema and tumour volume has been associated
with high-grade tumours (Table 4). Patients with
peritumoural brain Edema were six times more
likely to harbour a high-grade tumour when
compared to those without it; this result was
statistically significant, with a P-value of 0.118.
Similarly, a comparison of the tumour volumes
revealed an OR of 1.022 with a P-value of 0.061.
This result could have significance because of
the relatively small sample size, but it was not
expected to reveal the relationship between the
volume and tumour grade, which was beyond the
scope of this work.

An earlier study reported significant
difficulty in the surgical removal of the
tumour in patients with peritumoural Edema
preoperatively, which may have been due to
arachnoid plane distortion (18). However, other
studies have identified a positive association
between the presence of peritumoural brain
Edema and the recurrence of the meningioma,
which could imply the presence of a residual
tumour that might have been overlooked
during the surgery (40—41). Contrary to the
aforementioned hypothesis, no statistically
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significant differences were identified in this
study between the various factors examined
and the completeness of tumour resection, as
perceived by the surgeons (Table 5).

This study would have been of greater
value and significance had the population under
study had been categorised based on tumour
location. It is widely accepted that the location
of the tumour probably influences the tumour’s
respectability and perhaps also the presence
of peritumoural brain Edema. However, such
a categorisation will necessitate a much larger
sample size, which in turn will increase the
power of the study. A larger multicentre study is
necessary, with one drawback of a multicentre
study being the increased disparity of the
surgeons’ skills at each institution.

Conclusion

Initially, there appeared to be a connection
between the higher grades of meningioma and
peritumoural brain Edema, which was backed
by univariate statistical analysis and also had
a higher probability of advanced grades of
meningioma with a rise in the tumour volume,
a fact that has not been previously reported.
However, the statistical significance of both
the parameters decreased upon multivariate
analysis, while the OR remained reasonably high
(OR = 6.0). It is evident that peritumoural brain
Edema does not influence the intra-operative
judgment of the surgeons on the entirety of the
resection of a meningioma.

Although the factors studied generally had
an insignificant effect upon the multivariate
analysis, the influence of peritumoural brain
Edema and tumour volume on the histological
grading of meningioma cannot be disregarded.
The scoring system for meningioma in the future
must necessarily consider these two factors.
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