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Introduction

Gliomas are the most common primary neoplasm of
the brain. The term glioma was first used by Virchow

Abstract:

Background: Gliomas are the most common primary neoplasm of the brain. It
histopathologically grades I to IV. I and II are low grade while III, IV are high grade.
Low-grade gliomas are usually subject to either strict follow-up or surgery. The
treatment for high grade gliomas is typically surgery, followed by concomitant radiation
therapy and chemotherapy. Conventional MRI has limitations for the grading of gliomas.
In addition to conventional MRI techniques, a variety of new techniques such as
perfusion-weighted MRI which noninvasively measures cerebral perfusion that can
be used for better assessment of glioma. This will be helpful for therapeutic approach
and counseling about prognosis of the patient.

Methods: This cross sectional observational study was conducted in the Department
of Neurosurgery, Bangabandhu Sheikh Mujib Medical University from IRB clearance to
18 months. The patients who fulfill the selection criteria were enrolled in this study.
Written informed consent was taken from the patients and/or the legal guardian/
responsible family members after completely explaining to them the procedure and the
purpose of the study. Patient’s data was collected in questionnaire/data collection
sheet. The privacy of the patient was strictly maintained and the patient’s information
will not be disclosed to any source. The study data will only be used for the purpose of
this scientific study. This study was not causing any additional harm to the patients.
All the patients were evaluated by a standard conventional contrast-enhanced study
with perfusion-weighted image on Siemens 3 Tesla MRI. The histopathological grading
of the tumor was done as per the WHO classification of 2007. Then correlation was
done between PWI finding and WHO histopathological grading.

Results: Measurement of relative cerebral blood volume in glioma patients was done
in PW-MRI preoperatively. Out of the 35 tumors evaluated, 17 were found as low
rCBV and 18 as high. Histopathological examination of glioma was done postoperatively.
Among 35 tumors, 19 are low grade gliomas and 16 are high grade gliomas. For the
correlation between relative cerebral blood volume in preoperative PW MRI and
histopathological grading of glioma, Spearman’s Rank Correlation Coefficient Test
was done. We found a significant positive coefficient value of r = 0.572 with a significant
p-value of p = <0.001. A single cutoff relative cerebral blood volume value of 1.7 for
low versus high grade glioma was found to be 77.8% sensitive and 88.2% specific.

Conclusion: The present study ascertains that histopathological grading of glioma
is positively correlated with relative cerebral blood volume in PW MRI
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as he described the neuroglia as the interstitial matrix
of the brain in which the individual cells are
suspended. Glioma is the general name for the
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tumors that arise from the glial cells of the brain.
Gliomas account for nearly 30% of all brain and
central nervous system tumors and 80% of all
malignant brain tumors’.

In the CNS neurons are supported by several varieties
of non-excitable cells, which together are called
neuroglia. Neuroglial cells are generally smaller than
neurons and outnumber them by 5-10 times?. The
neuroglial cells have an enormous potential for
abnormal growth and are the chief source of CNS
neoplasm. Tumors believed to be originating from
neuroglial cells are known as Glioma3.

The annual incidence of gliomas is 5-10 cases per
100,000 in Western populations. They are the leading
cause of death among children and adults diagnosed
with brain neoplasm. Gliomas are valued at the WHO
classification by histopathological grades | to IV. Grades
I and Il are considered low-grade, while lll, IV grades are
high grade. Although they are histologically benign tumors
most of |l grade will transform into malignant grades |l
and IV in the range of 5-10 years of diagnosis®.

These grades are important because, they define
therapeutic approach and prognosis in patients with
gliomas. Low-grade gliomas are usually subject to
either strict follow-up or surgery. The treatment for
high grade gliomas is typically surgery, followed by
concomitant radiation therapy and chemotherapy.

Grade1 tumors are generally benign and frequently
curable with complete surgical resection, occur
primarily in children and are believed to represent an
entity separate from grade II-1V (seen primarily in
adults). Adult grade Il tumors (Low Grade Gliomas
(LGG) include: 1) astrocytomas, 2) oligo-astrocytomas
or mixed gliomas, and 3) oligodendrogliomas.
Astrocytomas and oligodendrogliomas consist of
astrocytes or oligodendrocytes, respectively®.

Mixed gliomas contain a mixture of the two cell types.
Essentially all Grade Il lesions eventually progress to
High Grade Glioma (grade IllI/IV or HGG). Grade IV
tumors (aka glioblastoma (GBM)) that arise from LGG
are termed “secondary GBM” to differentiate them from
“primary” or “de-novo” GBM as the pathway leading to
these two GBM types differs by a number of genetic
abnormalities and clinical characteristics®.

High grade gliomas include anaplastic astrocytoma
(Grade lll astrocytoma), anaplastic oligodendroglioma
(Grade Il oligodendroglioma), and glioblastoma
multiforme (GBM, Grade IV astrocytoma)’.

Greater infiltrative potential of high grade glioma cells
have been supported by studies demonstrating that high
grade glioma cells travel faster compared to low grade
glioma cells along extracellular matrix and proteins8.

Glioblastomas are divided in the 2016 CNS WHO into
glioblastoma, IDH-wild type (about 90 % of cases),
which corresponds most frequently with the clinically
defined primary or de novo glioblastoma and
predominates in patients over 55 years of age °.

Glioblastoma, IDH-mutant (about 10 % of cases),
which corresponds closely to so called secondary
glioblastoma with a history of prior lower grade diffuse
glioma and preferentially arises in younger Patients®.

Aggressiveness of glioma is mainly determined by its
ability to infiltrate the brain parenchyma and to recruit,
synthesize, and proliferate vascular networks for
further growth 0.

Inaccurate grading represents a risk for the patient, since
it could lead to an inappropriate therapy. Conventional
histopathologic diagnosis has significant limitations: It
is an invasive procedure that has inherent sampling error,
especially for difficult-to-access tumors amenable only
to stereotactic biopsy, Inter-observer variability and
inability to evaluate residual tumor tissue after surgery.

MRl is a useful noninvasive imaging method for tissue
characterization and glioma grading. Conventional MRI
offers information on mass effect, edema,
enhancement, and necrosis that can be used to
estimate tumor grade. However, it has limitations for
the grading of gliomas.

The usual presentation of gliomas on MRI scans
include hypo or iso intensity on T1W imaging and
hyperintensity on T2W imaging There may be
surrounding vasogenic edema, necrotic areas, and
distortion of adjacent structures".

Imaging characteristics such as degree of contrast
area, tumor necrosis volume, and edema surrounding
tumor have been well identified as prognostic markers
in high grade lesion'213,

However, often a high-grade glioma may be mistaken
for a low-grade glioma when it demonstrates minimal
edema, no contrast material enhancement, no necrosis,
and no mass effect. Conversely, low-grade gliomas can
sometimes demonstrate peritumoral edema, contrast
material enhancement, central necrosis, and mass
effect and be mistaken for a high-grade glioma™'.

The use of gadolinium-based contrast agents shows
further improvement in the demonstration and
detection of cerebral gliomas. Patterns and extent of
contrast enhancement have been suggestive of a
malignant potential. However, this approach is limited
because 14-45% of non-enhancing supratentorial
gliomas are malignant (especially in older patients)
and some enhancing gliomas (i.e. pilocytic
astrocytoma) are benign 4.
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Upadhyay, N., and Waldman, A. D (2011) stated that
up to one-third of non-enhancing gliomas are
malignant. Certain subtypes of LGGs, notably
gangliogliomas and pilocytic astrocytomas, some
grade Il oligodendrogliomas and more rarely, low-grade
astrocytomas show enhancement. Contrast
enhancement alone is therefore a limited differentiator
between high-grade gliomas and LGGs in an individual
patient.

In addition to conventional MRI techniques, a variety
of new techniques have found their place in clinical
practice. These new techniques offer more than the
anatomic information provided by the conventional MRI
sequences. Two of the new MRI techniques include
perfusion weighted imaging (PWI) and diffusion
weighted imaging (DWI)'®. Diffusion-weighted imaging
(DWI) is a physiologic imaging modality that exploits
the diffusion of water molecules to create contrast
between tissues 6.

Diffusion is the random walk of water molecules in
the extracellular extra-vascular space. First application
of diffusion imaging was stroke but was soon adopted
in oncologic patients as it provides information on
cellularity, water content, tissue integrity or changes
in its architecture®.

Currently, DWI is used primarily in the diagnosis of
intracranial abscesses, infarcts, and epidermoid
cysts1®.

Perfusion-weighted imaging (PWI) is an MRI modality
that gives insights into the delivery of blood to tissues
by monitoring a bolus of contrast agent as it passes
through the blood vasculature. Acommon biomarker
derived from PWI is the relative cerebral blood volume
(rCBV). Measurements of rCBV have been shown to
be higher in high grade tumors than in low-grade
tumors and may correlate with glioma vascularity6.

Perfusion MR imaging noninvasively measures
cerebral perfusion via the assessment of various
hemodynamic measurements, such as cerebral blood
volume, cerebral blood flow, and mean transit time.
MR imaging measurements of tumor hemodynamics
are potentially useful in characterizing tumors because
tumor aggressiveness and growth are associated with
both endothelial hyperplasia and endothelial
neovascularization".

In addition to increased vascularity in tumors, new
vessels and damaged mature vessels are permeable
to contrast agents, unlike vessels in normal brain.
Various studies have shown that relative cerebral blood
volume (rCBV) maps and measurements have been
shown to correlate reliably with tumor grade and
histologic findings of increased tumor vascularity!".

14

Relative cerebral blood volume (rCBV) maps gives idea
about the qualitative and quantitative assessment of
tumour vascularity 4.

PWI is mainly utilized in tumors to find the extent of
neovascularization, capillary density and in infarcts
to assess the ischemic zones ™.

There are very few studies which attempt to correlate
the histopathological grade of the tumor with the
findings of perfusion weighted MRI. The aim of the
current study is to assess the same and find if
perfusion weighted MRI can be used for better
assessment of glioma grade which is helpful for
therapeutic approach and counselling about prognosis
of the patient.

This study presents the best possibility of accurate
grading of glioma in the preoperative time, allowing us
to select the most appropriate therapeutic
management for the patients.

The discrimination of tumor boundaries from normal
tissue or vasogenic edema, as well as the evaluation
of tissue heterogeneity and tumor grading are often a
challenge in conventional MR imaging. Thus, it would
be of interest to have a noninvasive, objective and
reproducible method for improving the assessment of
glioma, as well as the planning of surgery and radiation
therapy.

Objective: objective of this study is to assess the
correlation between PW (perfusion-weighted) MRI of
brain with histopathological grade of glioma

Methods:

It was a a cross sectional experimental study which
was studying in the department of Neurosurgery,
Bangabandhu Sheikh Mujib Medical University
(BSMMU), Shahbag, Dhaka within July 2019-
December 2020. The study population was included
all patients diagnosed as gliomas , with PWI in
addition to conventional MRI of brain with contrast
undergoing surgery, in the Department of
Neurosurgery, Bangabandhu Sheikh Mujib Medical
University, National institute of neurosciences and
Dhaka medical college hospital. The total duration of
data collection of the study was 18 months and the
population size was roughly be estimated 36 (N).
Patients with radiologically diagnosed as glioma,
admitted in Neurosurgery Department, Bangabandhu
Sheikh Mujib Medical University, National institute of
neurosciences and Dhaka medical college hospital.
Glial tumors with (WHO) grade | and Il were classified
as low grade and grade Ill, IV as high grade. PW MRI
was labeled low volume or high volume. The perfusion
study was performed using dynamicT1-weighted
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contrast imaging technique. A single dose of
gadolinium (0.1 mmol/kg) was administered at 2 ml/
s, and repetitive acquisitions were made through the
tumor at longer intervals, typically every 15-26 s. the
tumour were analyzed by perfusion-weighted MRI, and
the relative CBV (rCBV) was calculated. A cutoff value
of 1.7 is used in grading high grade tumour. Then it
was matched with pathological diagnosis. The
correlation of relative cerebral blood volume with
histopathological grading of glioma was done by
spearman’s correlation test. Box plotting was done
for graphical depiction of relative cerebral volume in
histopathological grading of glioma. The pathological
analysis was performed by a consultant
histopathologist who was impartial to study, using
World Health Organization (WHO) classification 2007 .

Data were processed and analyzed using computer
software SPSS (Statistical Package for Social
Sciences) version 22. Statistical correlation was done
using Spearman’s correlation test. P-value d” 0.05 was
considered statistically significant.

Operational Definitions
Gliomas

Gliomas are the most common primary neoplasms of
the brain originating from glial tissue. These include
astrocytomas, oligodendrogliomas, and
oligoastrocytomas, based on the originating cell. They
are classified into 4 grades (grade I-1l, low-grade; grade
[1I-1V, high-grade) according to the guidelines of the
World Health Organization (WHO) with glioblastoma
being grade IV tumors™7.

MRI

The usual presentation of gliomas on MRI scans
includes hypo or iso intensity on T1W imaging and
hyperintensity on T2W imaging. There may be
surrounding vasogenic edema, necrotic areas, and
distortion of adjacent structures’.

Imaging characteristics such as degree of contrast
area, tumor necrosis volume, and edema surrounding
tumor have been well identified as prognostic markers
in high grade lesion213,

PW MRI

Perfusion-weighted imaging (PWI) is an MRI modality
that gives insights into the delivery of blood to tissues
by monitoring a bolus of contrast agent as it passes
through the blood vasculature. Acommon biomarker
derived from PWI is the relative cerebral blood volume
(rCBV). Measurements of rCBV have been shown to
be higher in high grade tumors and low in low-grade
tumors'6.

Cerebral blood volume (CBV): CBV was defined as
the total volume of blood traversing a given region of
the brain, measured in milliliters of blood per 100g of
brain tissue (ml/100g)"8.

* Itis 4-5ml/100gm of brain
* 2.5+ 0.4 ml/100gm of grey matter.
*1.7 + 0.4 ml/100gm of white matter.

Cerebral blood flow (CBF): CBF was defined as the
volume of blood traversing a given region of the brain
per unit time, measured in milliliters of blood per 100g
of brain tissue per minute (ml/100g/min)é.

» Cerebral blood flow is 80ml/100 g/min in grey
matter.

* Itis 20ml/100gm/min in white matter.
« Global cerebral blood flow is 50ml/100gm/min.

Relative cerebral blood volume (rCBV): It is the ratio of
cerebral blood volume between the pathological areas
of brain to the contralateral same area of brain matter.
Avalue of rCBV is > 1.7 is considered as high volume
and below this level is low volume'” (Louis et al. 2017).

Results:

The Study was carried out of 35(N) patient, age limit
was 11 to 70 yearsThe Mean £ SD were 37.70 £ 14.70.
Most of the patients (31.4%) were among 21-30 years
of age and second peak were among >50 years
(25.7%) of age. In this study out of 35 patients 25
(71.4.7%) patients were male and 10 (28.6%) patients
were female. The male female ratio was 2.5:1.

Table-l

MRI findings of the tumors (N=35)
MRI findings Frequency (n) Percentage
T1WA1
Hypo intense 31 88.6
Isointense 3 8.6
Hyper intense 1 29
T2W1
Hypo intense 1 29
Isointense 3 8.6
Hyper intense 31 88.6
Contrast uptake
Homogeneous 1 29
Heterogeneous 21 60.0
Non-enhancing 13 371

The MRI findings of tumor is shown in Table 3. 31
tumors (88.6%) were hypointense, 3 (8.6%) were
isointense and 1(2.9%) was hypperintense inTIW
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image. In T2WI31(88.6%) were hyperintense, 3 (8.6%)
were isointense and 1(2.9%) was hypointense.
Contrast images showing, mostly 21 (60%) were
heterogeneously contrast enhancing lesion,
13(37.1%) were non-enhancing and 1 (2.9%) was
homogeneously contrast enhancing.

Table-ll
Grading of glioma (N=35)
Histopathological grading of glioma

Frequency (n) Percentage

Grade | 4 1.3
Gradelll 15 429
Grade lll 8 229
Grade IV 8 229
Grading of glioma according

to preoperative PW MRI

Low grade 17 48.6
High grade 18 514

Table 1l showing histopathological grading of tumor
found in this study according to frequency and grading
of tumor according to PW MRI. Among 35 tumor, 15
(42.9%) were grade I, 8 (22.9%) and 8 (22.9%) were
respectively grade lll and IV, 4 (11.3%) was grade |. In
PW MRI, 17 (48.6%) were low grade and 18 (51.4%)
were high grade.

Table-lll
Relative cerebral blood volume (rCBV) in different
grading of glioma (histopathological) (N=35)

Histopathological Relative cerebral p-value
grading of glioma blood volume (rCBV)

Mean+SD Min-max
Grade | 1.35+0.21 1.10 - 1.60
Grade Il 1.67+1.00 0.30-4.70 0.007
Grade lll 274 +1.01 140 -4.12
Grade IV 3.02+130 1.20-5.24

Table 1ll demonstrates that relative cerebral blood
volume (rCBV) in different grading of glioma. Mean+SD
in Grade | of 4 study subject was 1.35 + 0.21 and
minimum value was 1.10 to maximum 1.60. In Grade
Il 15 study subject had Mean+SD 1.67 + 1.00 and
minimum was 0.30 to maximum 4.70. In Grade Il 8
study subject had Mean+SD 2.47 + 1.01 and minimum
was 1.40 to maximum 4.12. . In Grade IV 8 study
subject had MeanSD 3.02 + 1.30 and minimum was
1.20 to maximum 5.24.
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Fig.-1: Box plot of relative cerebral blood volume
(rCBV) in different grading of glioma
(histopathological).

This box plot demonstrates rCBV of each grading of
glioma. Highest amount of patient present in Grade Il
(15), then in Grade Ill (8) and in Grade IV (8)
respectively. The lowest number in Grade |. Median
value for Grade | is 1.35, for Grade Il is 1.50, for Grade
[llis 2.42 and for Grade IV is 3.00 . In Grade |, these
range of rCBV value from minimum 1.10 to maximum
1.60, in Grade Il rCBV value from minimum 0.30 to
maximum 2.70, in Grade Il from minimum 1.40 to
maximum 4.12 and in Grade IV minimum 1.20 to
maximum 5.24.

o
8
1

r=0.572; p = <0.001

o
8
1

-
8
it

oo

o
o

@
8
1

Relative cerebral blood volume (rCBV)
©
8
i

8
8
8

]
;

o

E
i

Grade | Grade I Grade Il Grade IV

Grading of glioma

Fig.-2: Scattered diagram showing correlation of
relative cerebral blood volume (rCBV) with glioma
grading (histopathological), Spearman Rank
Correlation Coefficient Test (n = 35).

Spearman rank correlation coefficient was done
between relative cerebral blood volume and
histopathological grading of glioma. The test shows a
positive correlation. With coefficient value of r = 0.572
with a significant p-value of p = <0.001.
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Fig.-3: Figure showing plotting of sensitivity and 1-specificity of relative  cerebral blood volume (rCBV) in
differentiating high grade glioma from low grade glioma.

Table IV
Sensitivity, specificity, PPV, NPV and accuracy at different cutoff value of relative cerebral blood volume
(rCBV) in differentiating high grade glioma from low grade glioma (N=35)

Relative cerebral blood volume (rCBV) Sensitivity ~ Specificity PPV NPV Accuracy
14 70.0 86.7 87.5 68.4 771
1.5 66.7 85.7 87.5 63.2 74.3
1.7 77.8 88.2 87.5 78.9 82.9
1.8 76.5 83.3 81.3 78.9 80.0
1.9 75.0 78.9 75.0 78.9 771
Table-V
Association between preoperative PW MRI and histopathological grading of glioma (N=35)
Histopathological Grading Relative cerebral blood volume (rCBV) Total p-value
High (>1.7) Low (<1.7)

Grade lll + Grade IV 14 (77.8) 2(11.8) 16 (45.7) <0.001
Grade | + Grade Il 4(22.2) 15(88.2) 19 (54.3)

Total 18 (100.0) 17 (100.0) 35(100.0)

Chi-square test was done to measure the level of significance. Here, P-value was <.001, which was statistically
significant. It indicates that there is a significant association between the relative cerebral blood volume best
cutoff value with histopathological grading of glioma.

Table VI
Sensitivity, specificity, PPV, NPV and accuracy of relative cerebral blood volume (rCBV) in differentiating
high grade glioma from low grade glioma (N=35)

% 95%CI
Min Max
Sensitivity 77.8 59.7 86.7
Specificity 88.2 69.1 97.7
Positive predictive value (PPV) 875 67.2 97.6
Negative predictive value (NPV) 78.9 61.8 874
Accuracy 82.9 64.3 921
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TableVI shows relative cerebral blood volume in
differentiating high-grade glioma from low grade glioma
with accuracy of 82.9%, sensitivity and specificity
77.8% and 88.2% respectively. Positive predictive value
and negative predictive value of 87.5 and 78.9%
respectively.

The ROC curve shows that area under the curve is
0.83 means 83% of the total subjects have been
diagnosed correctly.

Discussion:

In this study, we found histopathological grading of
glioma is positively correlated with relative cerebral
blood volume in PW MRI.

The mean age of the patients was 37.7 years. Majority
of the patients were found among younger age. The
age incidence in intracranial glioma is an important
variable. Gliomas are seen in all age groups from just
born to the old age®.

Gender variation of glioma is also not uncommon. In
this study, male predominance was found. The male
female ratio was 2.5:1. In a study of glioma series
epidemiology in USA and Canada, it was also found
male predominance.

The locations of gliomas are important for evaluating
symptoms and anticipate management for the clinical
status. In our study, the majority locations of glioma
are in frontal region, which was similar to previous
studies??.

The MRIfindings of most of the tumor were hypointense
in TIW image and hyperintense in T2WI. Among 13
non-enhancing tumor, one was high grade glioma which
relative cerebral blood volume was also high in PW
MRI. Among 21 heterogeneous contrast enhancing
tumor 4 were low grade glioma which relative cerebral
blood volume was also low in PW MRI.

The most frequently found histopathological grading
of gliomain this study was grade Il. Among 35 tumors,
the number of low grade gliomas was higher than high
grade gliomas. In PW MRI, the number of low grade
was lower than high grade.

We measured the relative cerebral blood volume
(rCBV) in different grading of glioma. The mean value
of relative cerebral blood volume was lowest in grade
| and highest in grade IV glioma in this study. Cuccarini
etal. (2015) also found relative cerebral blood volume
value similar to our study.

For the correlation between relative cerebral blood
volume in preoperative PW MRI and histopathological
grading of glioma, Spearman’s Rank Correlation

18

Coefficient Test was done. We found a significant
positive coefficient value of r = 0.572 with a significant
p-value of p = <0.001. From this observation, it can
be opined that histopathological grading of glioma is
positively correlated with relative cerebral blood volume
in PW MRI. Shoaib et al. (2019) also noted that high
grade glioma had higher relative cerebral blood volume
than the low grade glioma.

A ROC curve was completed for relative cerebral blood
volume value to differentiate high grade from low grade
glioma. The optimal cut-off value was determined to
be a rCBV of 1.4, with high grade glioma > 1.4 and
low grade glioma < 1.4. There is a significant
association of the relative cerebral blood volume best
cut off value 1.7 with histopathological grading of
glioma. This rCBV cut-off is 77.8% sensitive and
88.2% specific with accuracy of 82.9%. Positive
predictive value and negative predictive value of 87.5
and 78.9% respectively.

Shoaib et al. in 2018 also found similar findings with
keeping rCBV cut-offis (>1.7). The sensitivity of PWI
(with relative cerebral blood volume cutoff of 1.7) in
the preoperative assessment of high grade gliomas
was 82.6% and specificity was 75%, the positive
predictive value (PPV) was 90.48%, and the negative
predictive value (NPV)was 60%. The overall accuracy
was 80.65%.

In our study clearly showed higher accuracy of
perfusion weighted MRI in assessment of glioma grade
with sensitivity and specificity. This information may
help for the operating neurosurgeon in preoperative
assessment and surgical planning. Postoperatively,
the neuropathologist can also benefit from such
information.

Conclusion:

The measurement of relative cerebral blood volume
in PW MRI may be utilized as a useful tool to get an
idea about the histopathological grading of glioma
preoperatively. Thus, it may help the neurosurgeon in
planning and providing better management for the
glioma patient.
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