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Abstract
Aim : To establish the correlation between Magnetic Resonance Imaging (MRI) characteristics and intra-operative consistency of meningiomas and establish the correlation between MRI characteristics and histological
subtype of meningiomas.
Materials and Methods : This is a prospective analytical study. All the cases of intracranial meningiomas
diagnosed and operated at the Department of Neurosurgery, Chettinad Hospital and Research Institute, Chennai
during the 2 year period Jan 2014 to Dec 2015, totally 25 patients were included in the study. Patient clinical details
including history and examination findings were noted. The MRI findings including T1 and T2 image characteristics of the tumors were recorded and graded preoperatively based on the previous studies as mentioned below.
Intraoperative consistency of the tumor was also noted and histopathological type of the tumor was also recorded.
Patient clinical details including history and examination findings were noted. The MRI findings including T1 and
T2 image characteristics of the tumor were recorded and graded preoperatively based on the previous studies as
mentioned below. Intraoperative consistency of the tumor was also noted and histopathological type of the tumor
was also recorded.
Results : Preoperative prediction of the tumor consistency from the MRI correlated with the actual intra-operative consistency in 64% of cases and preoperative prediction of the pathological type from the MRI correlated
with actual histopathological report in 36% of cases.
Conclusion : MRI is useful in prediction of intra-operative consistency of meningioma to a larger extent but a
prediction of histopathological subtypes on the basis of MRI has not been possible to similar degree possibly
because of varying number of subtypes.
Key Words: Meningioma, Consistency, MRI contrast.

Introduction

Aim and Objectives

Harvey Cushing coined the term “Meningioma” in
1922. Meningioma is a dural based tumor that arises
from arachnoid cap cells. The incidence is approximately 2.3 per 100,000 for benign meningiomas and 0.17 per
100000 for malignant meningiomas1. The principle
treatment remains surgical resection with external
beam radiotherapy, radiosurgery, arterial embolization
and chemotherapy as an adjunct therapy when necessary2.

The aims of this study include the following:

The surgical resection remains the mainstay of
treatment for meningiomas. The tumor consistency,
vascularity, peri tumoral oedema, bone invasion, etc.
play important role in planning the surgery. The
consistency of the meningioma may be soft, firm or
combination of both. In earlier days predicting the
intra-operative consistency and histological type of the
meningioma were difficult. But, with the advent of
Computed tomography (CT) and Magnetic Resonance
Imaging (MRI), several papers have reported the
correlation between the imaging characteristics, tumor
consistency and histological type of meningiomas.

1. The correlation between MRI characteristics and
intra-operative consistency of meningiomas.
2. The correlation between MRI characteristics and
histological subtype of meningiomas.

Materials and Methods
This is a prospective analytical study. All the cases of
intracranial meningiomas diagnosed and operated at
the Department of Neurosurgery, Chettinad Hospital
and Research Institute, Chennai during the 2 years
period were included in the study.
The patient details of the individual were entered in a
detailed proforma. Patient clinical details including
history and examination findings were noted. The MRI
findings including T1 and T2 image characteristics of
the tumor were recorded and graded preoperatively
based on the previous studies as mentioned below.
Intraoperative consistency of the tumor was also noted
and histopathological type of the tumor was also
recorded.
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Patient clinical details including history and examination findings were noted. The MRI findings including
T1 and T2 image characteristics of the tumor were
recorded and graded preoperatively based on the
previous studies3 as mentioned below. Intraoperative
consistency of the tumor was also noted and
histopathological type of the tumor was also recorded.
MRI findings were grouped into three to correlate
with consistency (Table 1) as follows.

Table 1 : MRI Grouping of Meningiomas
This was used to predict the tumor consistency preoperatively and the preoperative prediction was correlated with actual intraoperative consistency of the tumor.
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the purpose of study histopathology was divided into
four groups.
Descriptive analysis of base line characteristics of the
study population, location of tumor and grading and
type of meningioma both before and after surgery was
done. Frequencies and percentage was used for
categorical variables. Mean and standard deviations
were used for quantitative variables. The correlation
between the preoperative and post-operative grading
was done by cross tabulation. Percentage agreement
was calculated by totaling the proportion of concordant
pairs in cross tabulation. Kappa statistic and p-value was
computed to assess the statistical significance of the
agreement between pre and post-operative grading
and type of tumor. IBM SPSS version 21 was used for
statistical analysis.

Observations & Results
A total of 25 participants were included in the final
analysis. The minimum age of the study participants
was 23 years and the maximum age was 60 years, with a
mean of 43.20 years (SD 9.58). (Table 4 & Figure 1)

Intraoperative consistency grading was made based
on the 5 point scale described by Zada et al (2013)4
(Table 2)

Table 4 - Age distribution of study population (n=25)

Table 2 - Intraoperative Grading of Meningiomas
as described by Zada et al (2013)4

For convenience, the five point scale (Zada, 2013)4 was
divided into three groups:
Group I: Zada grade - 1 and grade - 2.
Group II: Zada grade - 3.
Group III: Zada grade - 4 and grade -5.
Similarly MRI and histopathology prediction was made
based on the T2 image characteristics (Table 3), and for
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Table 3 - T2 Characteristics of Meningiomas on
MRI and their histopathology prediction

Fig 1 : Box and whisker plot showing age
distribution of study population

Out of 25 study participants, 20(80%) were females
and only 5 (20%) participants were males.

Table 5 - Gender distribution of study population:
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Table 7 - MRI T1 intensity for tumor grading.

T1 MRI characteristics showed iso-intensity in 18 cases
(72%), hypo-intensity in 7 cases (18%) (Table 7).
Fig 2 : Gender distribution of study population (N=25)

Table 8 - MRI T2 intensity for tumor grading.

T2 MRI intensity showed hyper-intensity in 11 cases
(44%), hypo-intensity in 8 cases (32%) and iso-intensity in 6 cases (24%) (Table 8).

Table 6 - Location of the tumor in study population

Table 9 - Pre-operative consistency grading of the
tumor

In this study, most of the tumors were group I (44%)
and group II and group III were 28% each ( Table 9) in
the preoperative assessment. The actual intraoperative
grades were 44% group I, and 36% in group II and 20%

Fig 3 : Location of tumor in study population.

In the study, the most common location of the tumor
was convexity (28%) followed by sphenoid wing
(24%), parasagital (16%), falcine(12%), intraventricular (8%),basal meningioma, cerebellopontine angle
and suprasellar meningioma (4%)5, as shown in Table 6
and Figure 3.

Table 10 - Intra operative consistency grading of
the tumor
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in group III (Table 10). In our study most of the tumors
were in the group I (soft).

Table 11 - Pre-operative pathological type.
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calculated to be 0.446 and the p-value was 0.002 with
percentage agreement of 64%. Based on the kappa
statistic value there is a moderate agreement.

Table 14 - Correlation between pre and
post-operative histopathological subtype.

The correlation between the pre and postoperative
histopathological subtypes showed a kappa score of
0.105 with p-value of 0.239 and percentage of agreement is 36%. The magnitude of inter user agreement on
the basis of kappa statistics was only a slight agreement

Illustrative Cases
CASE 1: Anterior 1/3 rd falcine meningioma (Fig 4,5,6)

Table 12 - Post-operative pathological type.

The predicted histopathological subtypes of meningiomas in the basis of MRI finding were as follows :
group I: 8 cases (32%), group II: 6 cases (24%) and
group III: 11 cases (44%) (Table 11). The actual
histopathological subtypes were as follows : group I: 18
cases (72%), group II: 2 cases (8%), group III: 2 cases
(8%) and group IV: 3 cases (12%) (Table 12).

Fig 4 : Preoperative MRI of a middle 1/3rd falcine
meningioma with a preoperative consistency of
group-II (intermediate consistency).

Preoperative and the intra-operative grades of the
tumor correlated perfectly in the 16 out of 25 cases.
The kappa scoring for the consistency grading was
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Table 13 - Correlation between pre and
intraoperative consistency grading.

Fig 5 : Completely excised falcine meningioma specimen
with Intraoperative consistency of group-I (soft).
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Fig 6 : Post-operative CT brain of anterior falcine
meningioma showing complete excision of the
tumor with post-op changes.

CASE 2: Case of left parietal convexity meningioma
(Fig 7,8,9).
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Twenty five operated cases of intracranial
meningiomas have been analyzed in this study and
correlation has been made between MRI appearance
and intra-operative consistency and MRI and the
histopathological subtypes. An attempt also made to
correlate predicted consistency on the basis of MRI
and actual intra-operative consistency and to correlate
predicted histopathological subtypes based on the
MRI and actual histopathological sub types. In the
present study,T2 hyper-intensity and T1 hypo-intensity
correlated with soft meningiomas, T1 iso-intensity and
T2 iso to hyper-intensity correlated with intermediate
consistency meningiomas, T1 hyper-intensity and T2
hypo-intensity correlated with firm meningiomas.
Correlation of the image characteristics with various
grades of the tumor was similar to previous similar
studies. The following results have been derived from
this study:
1.

T1 and T2 weighted MRI were the sequences used in
this study T1-hypo-intensity and T2-hyper-intensity
correlated with soft tumor, T1-hyper-intensity and
T2-hypo-intensity correlated with firm tumor.

2. T2-hypo-intensity correlated with fibrous and
psammomatous subtypes, T2-hyperintensity correlated with angioblastic tumors and T2-iso-intensity
correlated with transitional and meningothelial
subtypes.
3.
Fig 7 : Pre-operative MRI showing left parietal
convexity meningioma with Preoperative
consistency of group-I (soft).

Preoperative prediction of the tumor consistency
from the MRI correlated with the actual intra-operative consistency in 64% of cases.

4. Preoperative prediction of the pathological type
from the MRI correlated with actual histopathological report in 36% of cases.

Discussion

Fig 8 : Image showing the completely excised
convexity meningioma.Intraoperative consistency
of group-II (intermediate consistency).

Fig 9 : Post-operative CT brain(contrast) showing
post-operative changes with tumor bed hematoma
and no residual tumor.

Prior information about the meningioma consistency
and histopathological subtypes help in planning surgery
and further follow-up. Some of the important factors
that affect the decision making in surgical approach and
resection of the tumors are tumor size, growth
patterns, and invasion of the neurovascular structures
and the consistency of the tumor. Many authors have
reported that consistency is also a major limiting factor
in the surgeon’s ability to achieve complete resection of
intracranial meningiomas. Little et al (2005)6 reported
in their series of petroclival meningiomas that risk of
cranial nerve deficits increased with a multitude of
factors, one being a tumor with fibrous consistency.
The grading system as proposed by Zada et al (2013) for
intra-operative consistency is easy to use method for
the assessment of the intra-operative tumor consistency. Over the past few decades the tumor consistency
has become an important variable of meningioma
surgery as evolving minimally invasive options exist for
removing a variety of skull base tumors. The ability to
accurately predict the consistency of meningioma
preoperatively based on MRI findings helps in selection
of appropriate surgical approach and also provides
more information regarding the requirement for a
staged resection or additional challenges related to
consistency.
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of skull base tumors. The ability to accurately predict
the consistency of meningioma preoperatively based
on MRI findings helps in selection of appropriate surgical approach and also provides more information
regarding the requirement for a staged resection or
additional challenges related to consistency.
Hoover et al (2011)7 in his series of 101 meningiomas,
found that 50 meningiomas were soft and 51 meningiomas were firm. The association of T2 hypo-intensity
with firmness and T2 hyper-intensity with softness
were statistically significant in his study and overall
sensitivities for detecting soft and firm consistency
were 90% and 56% respectively.
Kashimura et al (2007)8 predicted the tumor consistency using fractional anisotropy (FA) value calculated
from the preoperative MR diffusion tensor imaging
found that FA values of hard tumors were higher than
those of the soft tumors and concluded that FA value
was significant predictor of tumor consistency.
In the present study, T2 hyper-intensity and T1
hypo-intensity correlated with soft meningiomas, T1
iso-intensity and T2 iso to hyper-intensity correlated
with intermediate consistency meningiomas, T1
hyper-intensity and T2 hypo-intensity correlated with
firm meningiomas.Correlation of the image
characteristics with various grades of the tumor was
similar to previous similar studies.
In our series we analyzed the correlation between the
T2 MRI intensity and the histopathology of the tumor.
Maiuri et al (1999)9 in her study of 35 cases of
intracranial
meningiomas
to
determine
the
intraoperative consistency found that meningiomas T2
hyper-intense were soft and more frequently of
angioblastic or syncytial subtypes, tumors that are T2
hypo-intense or hypo-isointense were mostly of
fibroblastic or transitional subtypes. In their series,
meningiomas that are T2 hypointense were mainly
fibroblastic, T2 hyper-intense were mainly syncytial,
angioblastic and party transitional and T2 iso-intense
meningiomas were mainly transitional and partly
fibroblastic and syncytial. In her study Maiuri et
alconsidered the correlation of MR appearance with
other pathologic findings. The cellularity of the tumor
seems to be one of the main factors that determine the
different signal intensity of various subtypes. Indeed,
fibroblastic
meningiomas
which
are
mainly
hypo-iso-intense have a lesser cell density; on other
hand, syncytial and angioblastic meningiomas which
are mainly hyper-intense on T2 have a higher cellular
density. However when the relationship between the
cellularity and the signal intensity is analyzed in each
single subtype, the correlation is weak and probably
not significant. The vascularity of meningiomas seems
to be well correlated with the MR appearance. In
Maiuri et al and Chen et al10 studies, hyper-intensity on
T2 weighted images predicted microscopical
hypervascularity. Angioblastic meningiomas were
almost always hyperintense on T2 weighted images.
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Somaya et al (1995)11 studied the T2 intensity of 40
patients and correlated with histological sub types; the
mean signal intensity scores on T2 of the fibrous type of
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meningiomas were lower than those of other sub types
and they concluded that meningiomas hypointense on
T2 are composed primarily of fibrous elements.
In the present series, the preoperative prediction of
histological subtypes was correct only in 36% of cases.
The transitional, meningothelial, fibroblastic, psammomatous and angioblastic subtypes were predicted more
easily than other subtypes.
T2 weighted MRI sequence were useful in prediction of
consistency and histological subtypes than T1 weighted
sequence.
The limitations of this study are relatively small sample
of cases and less histological subtypes of meningiomas
treated. Similar study involving larger number of cases
and more varieties of histological subtypes will help to
clarify the position better. This is the first time such a
study has been conducted in Indian population.
We propose to continue this study on a larger number
of cases of meningioma.
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