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ABSTRACT:

Background: Intracranial tumors are a significant health issue. The annual incidence of
primary and secondary central nervous system neoplasms ranges from 10 to 17 per 100,000
persons.Imaging plays an important role in the management and prognostication of
intracranial tumors. Magnetic resonance (MR) imaging has emerged as the imaging modality
most frequently used to evaluate intracranial tumors, and it continues to have an ever-
expanding, multifaceted role.

Purpose:To evaluate the Advance brain tumor imaging (MRI) Protocol in Grading brain
tumors both intra-axial and extra-axial.

Methodology:This prospective study was performed. The population enrolled in the study
for final statistical analysis included 40 patients (23 males and 17 females) with ages ranging
from 3 to 79 years.

Results:In the study, 37 (92.5%) patients showed supratentorial tumor location, and 3 (7.5%)
patients showed infratentorial tumor location. On T1-W, 31 (77.5%) patients show a
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heterogeneously hypointense signal, 6 (15%) patients show an isointense signal, and 3 (7.5%)
patients show a hypointense signal. On T2W, 37 (92.5%) patients show a heterogeneously
hyperintense signal, and 3 (7.5%) patients show a hyperintense signal. On FLAIR, 37
(97.5%) patients show a heterogeneously hyperintense signal, and 1 (2.5% of patients) show
a hyperintense signal. In the study, 28 (70%) patients showed no diffusion restriction, and 12
(30%) patients showed patchy diffusion restriction. On SWI 9, 22.5 percent of patients have
"blooming," and 31 (77.5 percent) have "no blooming," indicating hemorrhage, which is seen
in high-grade gliomas. In the post-contrast enhancement study, 17 (42.5%) patients showed
patchy enhancement, 8 (20%) patients showed minimal enhancement, 5 (12.5%) patients
showed heterogenous enhancement, and 10 (25%) patients showed no enhancement. In the
study, there is no significant difference in the mean of age over the grade of a tumor by
applying a two-sample t-test, in which the mean age for high-grade gliomas is 49.8 + 19.8
and for low-grade gliomas is 38.83 + 15.81, and we found no significant difference (P =
0.05928) in the distribution of grades of tumor in our study.

Conclusion: We found that advanced MRI can differentiate brain tumor grades. Perfusion
studies, spectroscopy, and diffuse tensor imaging have a substantial association with the
degree of malignancy, predicting different grades of tumor compared to standard MRI
imaging alone, aiding in management and follow-up. Using sophisticated MRI imaging
sequences in brain tumor imaging provides information on malignancy. Non-invasive, easily
accessible procedures aid in patient prognosis and minimize unnecessary stereotactic biopsies
for low-grade gliomas requiring follow-up. Using sophisticated MRI imaging sequences to
differentiate brain tumor grades is critical for patient care.

Keywords: a brain tumor, MRI imaging, Perfusion imaging, CBF, DTI
INTRODUCTION

Intracranial tumors are a significant health issue. The annual incidence of primary and
secondary central nervous system neoplasms ranges from 10 to 17 per 100,000 persons.

Imaging plays an important role in the management and prognostication of intracranial
tumors. Magnetic resonance (MR) imaging has emerged as the imaging modality most
frequently used to evaluate intracranial tumors, and it continues to have an ever-expanding,
multifaceted role.

In general, the role of MR imaging in the evaluation of brain tumors is tumor diagnosis and
classification, treatment planning, and post-treatment follow-up.

On conventional MR imaging, grade 1 tumors show no edoema or enhancement, grade II
tumors show minimal edoema and enhancement, grade III tumors show significant edoema
and heterogenous enhancement, and grade IV tumors show significant edema, heterogenous
enhancement, hemorrhage, and necrosis.

Apart from conventional MR imaging techniques, a variety of advanced techniques have a
role in clinical practice or are the subject of research. These advanced MRI imaging
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techniques provide more than the anatomic information provided by conventional MR
imaging sequences, as they can generate physiologic data and information on chemical
composition. Perfusion imaging, diffusion-weighted imaging (including diffusion tensor
imaging), MR spectroscopy, and largely experimental molecular imaging are among the
advanced MRI imaging techniques. Currently, perfusion imaging -, spectroscopy " and
diffuse tensor imaging “'" are used in the classification of tumors.

The main diagnostic challenge is to distinguish different grades of intra- and extra-axial brain
tumors reliably, noninvasively, and quickly to avoid unnecessary biopsies and follow-up
imaging studies.

The inclusion of diagnostic information from advanced MR imaging techniques can improve
the classification accuracy of conventional anatomic imaging. This thesis focuses on the role
of the most commonly used advanced MR imaging techniques-like perfusion imaging,
diffuse tensor imaging, and MR spectroscopy-for the diagnosis and differentiation of
different grades of brain tumors.

Aim:

R/

¢ To evaluate the Advance brain tumor imaging (MRI) Protocol in Grading brain
tumors both intra-axial and extra-axial.

Objectives:
% To study the T1, T2, FLAIR, DWI, ADC, SWI and T1FS post-contrast sequences

R/

¢ To study advanced MRI sequences perfusion, DTI, and spectroscopy.

®,

¢ To evaluate the role of these sequences for grading in these intra-axial and extra-axial
brain tumors.

Methodology

StudyDesign:

Thestudywas designed as atwo-yearprospective observational study.
StudyPeriodandduration:

Thestudywasconductedovera periodoftwoyearsfromMarch 2021 to July 2021.
Place:

The study was conducted in the department of Radiodiagnosis, Krishnalnstitute of Medical
Sciences and Hospital, Karad.

Sourceofdata:
The patients are referred to our department from our institute and outside the institute.
Sélection of participants :
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> Inclusion criteria:

» Diagnosed brain tumors either on CT or outside imaging which includes both intra-
axial and extra-axial tumors.
» Newly diagnosed brain tumors in our department.

> Exclusion criteria:

» If all sequences could not be done due to the non-cooperation of the patient.
Post-operative brain tumor patients and brain metastasis
Equipment and Technique
After appropriate preparation and normal creatinine levels, the patients were subjected to
conventional and advanced MRI imaging techniques wusing a 1.5Tesla machine
(SeimensMagnetomAvanto). Conventional T1, T2, FLAIR, DWI & ADC, and SWI sequences
are used. The advanced MRI imaging techniques perfusion study, spectroscopy, and diffuse
tensor imaging are used.

Data analysis

Data areanalyzed using statistical software R version 4.1.1 and Microsoft Excel. Continuous
variables were represented by mean+ sd/median (range) and categorical variables were
represented by frequency and percentage. To check the association between categorical
variables Chi-square test is used. To check the normality of variables Shapiro-Wilk’s test is
used. To compare the mean between groups two-sample t-test is used. A P-value less than or
equal to 0.05 indicates statistical significance.

SUMMARY:

This is a prospective observational study of 40 patients. The study group consists of 23 males
and 17 females with a mean age of 43.23 £18.11. The incidence was higher in males (57.5%)
compared to females (42.5%).The below table gives a summary of the variables.

Table 1: Summary of variables.

Age (in years) <10 1 (2.5%)
11-20 2 (5%)
21-30 8 (20%)
31-40 9 (22.5%)
41-50 5(12.5%)
51-60 8 (20%)
61-70 3 (7.5%)
>71 4 (10%)
Vables  Numberofsubjects%)
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Sex Female 17 (42.5%)
Male 23 (57.5%)
Supra/Infartentorial Infarterntorial 3(7.5%)
Supratentorial 37 (92.5%)
T1 Heterogeneously Hypointense 31 (77.5%)
Hypointense 3 (7.5%)
Isointense 6 (15%)
T2 Heterogeneously Hyperintense 37 (92.5%)
Hyperintense 3 (7.5%)
Flair Heterogeneously hyperintense 37 (97.5%)
Hyperintense 1(2.5%)
Diffusion Absent 28 (70%)
Restriction
Patchy diffusion 12 (30%)
SWI Blooming 9 (22.5%)
No blooming 31 (77.5%)
Post-contrast study  Heterogeneous enhancement 5 (12.5%)
Minimal enhancement 8 (20%)
No enhancement 10 (25%)
Patchy enhancement 17 (42.5%)
White matter tracts Destruction 12 (30%)
Displacement 23 (57.5%)
Infiltration 4 (10%)
Normal 1(2.5%)

In study 37 (92.5%) patients show the supratentorial location of the tumor and 3(7.5%)
patients show the infratentorial location of the tumor. On T1 W 31 (77.5%) patients show
heterogeneously hypointense signal, 6 (15%) patients show isointense signal and 3 (7.5%)
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show hypointense signal. On T2 W 37 (92.5 %) patients show heterogeneously hyperintense
signal and 3 (7.5%) patients show hyperintense signal. On FLAIR 37(97.5%) patients show
heterogeneously hyperintense signal and 1(2.5%) patient showeda hyperintense signal as
shown in table 1.

In study 28 (70%) patients show no diffusion restriction and 12 (30%) patients show patchy
diffusion restriction. On SWI 9 (22.5%) patients are showing blooming and 31 (77.5%)
patients show no blooming, blooming represents hemorrhage which is seen in high-grade
gliomas. In the post-contrast enhancement study 17 (42.5%) patients show patchy
enhancement, 8 (20%) patients showed minimal enhancement, 5 (12.5%) patients showed
heterogenous enhancement, and 10(25%) shows no enhancement.

B Infarterntorial

B Supratentorial

Chart 1: Pie chart showing the distribution of subjects bySupra/ Infratentorial
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Chart 2: Bar graph showing the distribution of subjects by T1, T2, and Flair.

OBlooming
ONo blooming

Chart 3:Pie chart showing the distribution of subjects by SWI
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Chart 4: Bar graph showing the distribution of post-contrast study.

R
xX
L
(o]
]
Destruction Displacement Infiltration Normal

White matters tracts

Chart 5: Bar graph showing the distribution of subjects by white matter tracts.

The below table compares some variables with the grades of the tumors.
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Table 2: Comparison of variables over the grade of the tumor.

Low High
Age (in years) 38.83+15.81 49.81+19.8 0.05928"
rCBV 0.83+0.57 3.87+1.61 <0.00001*MW

1.3(1.1,5.1) 6.05(1.2,7.2)
Cho/cr 1.85+0.58 5.13+1.9 <0.00001*MW
1.61(1.58,42) 5.3(1.6,8.1)
Cho/NAA 1.58+0.84 5.29+1.84 <0.00001*MW
1.3(1.1,5.1) 6.05(1.2,7.2)
Fractional 0.1240.02 0.16+0.03 <0.00001*"
anisotropy
0.11(0.1,0.16) | 0.17 (0.1, 0.19)

Abbreviations: MW: Mann-Whitney test, t: t-test.

There is no significant difference in the mean of age over the grade of the tumor by a two-
sample t-test.

By the Mann-Whitney test, there is a significant difference in the distribution of rCBV,
Cho/cr, and Cho/NAA over the grade of the tumor.

By one-tailed t-test, the mean of fractional anisotropy is significantly more in high-grade
tumors compared to low-grade tumors.

The below plots visualize the same.
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Mean of Age
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Chart 6: Box whisker plot showing mean of age over the grade of the tumor.
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Chart 7: Box whisker plot showing mean of rCBYV over the grade of the tumor.
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Mean of Cholcr

Low High
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Chart 8: Box whisker plot showing the mean of Cho/Cr over the grade of the tumor.

Mean of Cho/NAA
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Chart 9: Box whisker plot showing the mean of Cho/NAA over the grade of the tumor.
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Chart 10: Box whisker plot showing mean of Fractional anisotropy over the grade of
the tumor.

Table 3: Cut-off value and other diagnostic values in predicting low/high-grade tumors.

>1.7 91.6% 87.5% 91.7% 87.5% 0.879 (0.722, 1)

- >1.81 87.5% 87.5% 91.3% | 82.3% | 0.895 (0.762, 1)

>2.8 95.8% 87.5% 92% 93.3% 0.892(0.752, 1)

>0.14 91.7% 87.5% 91.7% | 87.5% | 0.887 (0.744, 1)

Abbreviations: PPV: Positive predictive value, NPV: Negative predictive value, AUC:
Area under a curve, CI: Confidence interval
DISCUSSION

In the study, there is no significant difference in the mean of age over the grade of the tumor
by applying a two-sample t-test in which the mean age for high-grade gliomas is (49.8+19.8)
and low-grade gliomas are (38.83+ 15.81) and found no significant difference (P = 0.05928)
in the distribution of grades of tumor in our study.
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By the Mann-Whitney test, there is a significant difference in the distribution of rCBV,
Cho/cr, and Cho/NAA over the grade of the tumor.

At an intermediate TE on spectroscopy, there is a significant statistical difference (P <
0.00001) in the values obtained for Cho/cr and Cho/NAA metabolites for different grades of
tumors. In agreement with our results,faten et al, Fatima et al and Naser et al reported that
Cho/NAA and Cho/Cr ratios show a statistically significant increase in high-grade tumors
compared to low-grade tumors 1218

The present study disclosed that for high-grade gliomas Cho/Cr ratios with mean average
values of 5.13£1.9 ranging from 1.6 to 8.1 and median value of 5.3 and Cho/NAA ratios with
mean average values of 5.29 + 1.84 ranging from 1.2 to 7.2 and the median value is 6.05.
Similarly, Cho/Cr ratios for low-grade tumors range with mean average values 1.85+0.58
ranging from 1.58 to 4.2 and a median value of 1.61, and Cho/NAA ratios with mean average
values of 1.58+0.84 ranging from 1.1 to 5.1 and median value are 1.3.

In the perfusion study rCBVt values for tumors, there is a significant statistical difference
(P<0.00001) for high-grade and low-grade gliomas, the high-grade gliomas show mean
average rCBVt values of 3.87£1.61 ranging from 1.2 to 7.2 and median value of 6.05 and
low-grade gliomas shows mean average rCBVt values 0.83+0.57 ranging from 1.1 to 5.1 and
median value of 1.3. The results agreed with other studies by Fatima et al "2 Eman et al'’and
Soliman et al™.
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By one-tailed t-test, the mean of fractional anisotropy is significantly more in high-grade
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study fractional anisotropy values show a significant statistical difference (p < 0.00001)
between high-grade and low-grade gliomas. The fractional anisotropy values for high-grade
gliomas show mean values of 0.16 £ 0.03 ranging from 0.1 to 0.19 with a median value of
0.17, low-grade gliomas show mean values of 0.12+0.02 ranging from 0.1 to 0.16 with the
median value of 0.11. The results agreed with other studies by Lobel et al*' and Kang et al**

In the study using ROC analysis the cut-off values for intermediate TE Cho metabolites ratios
were used to differentiate high-grade tumors from low-grade tumors; cut-off values for
Cho/Cr ratio > 1.1 and Cho/NAA > 2.8 with higher values considered as high-grade gliomas
418 The sensitivity and specificity for Cho/Cr are 87.5 % & 87.5% respectively and for
Cho/NAA 95.8% & 87.5% respectively. At an intermediate TE, our results revealed that the
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sensitivity of Cho/NAA was 95.8 %, indicating true positive high rates and false negative low
rates; therefore, it is very useful for determining high-grade tumors. The corresponding
specificity of this ratio was 87.5%, indicating that the less severe tumors were correctly
classified. The sensitivity and specificity of Cho/Cr are less compared to Cho/NAA and was
87.5 %, indicating less true positive high rates and more false negative low rates compared to
Cho/NAA; The corresponding specificity of this ratio was 87.5%, indicating that the less
severe tumors were correctly classified. Positive predictive value (PPV), Negative predictive
value (NPV), and Area under the curve (AUC){CI} for Cho/Cr are 91.3%, 82.3% & 0.895
{0.762,1} respectively and for Cho/NAA are 92%, 93.3% & 0.892 {0.752,1} respectively.

In the study using ROC analysis, the cut-off values for rtCBVt were used to differentiate high-
grade and low-grade tumors; cut-off values for rCBVt> 1.7 with higher values considered as
high-grade gliomas '*?*** Another important finding is that the rCBVt value with a
threshold of more than 1.7 can differentiate between LGG and HGG and gives 91.6%
sensitivity, 87.5% specificity, and 96% diagnostic accuracy. The 91.6 specificity reflects a
high real negative rate which means that most LGGs have been correctly diagnosed. The
relatively high sensitivity means that even though few have been misclassified, most HGGs
have been correctly diagnosed. These results reflect those of Fatima et al. who also found that
LG and HG could be differentiated from rCBV at the cut-off of 1.33 were 100%, 67%, and
90% respectively > Positive predictive value (PPV), Negative predictive value (NPV), and
Area under the curve (AUC){CI} for rCBVt are 91.7%, 87.5% & 0.879 {0.722,1}
respectively.

In the study using ROC analysis, the cut-off values for DTI (FA) were used to differentiate
high-grade and low-grade tumors; cut-off values for FA > 0.14 with higher valueswere
considered high-grade gliomas. The sensitivity and specificity for FA are 91.7 % & 87.5 %
respectively. The FA values in these regions of both HGG and LGG were lower than those of
contralateral NAWM or corpus callosum which was consistent with prior studies 242526 The
FA value is an indicator of white matter integrity and decreased FA was putative destruction
of the white matter tract. Inoue T et al >’ found that the FA values in the solid portion of HGG
were significantly higher than those of LGG. High anisotropy implies that the tissue is
symmetric and histologically organized. It may influence the anisotropy and increase the FA
value the 87.5 specificity reflects a high real negative rate which means that most LGGs have
been correctly diagnosed. Positive predictive value (PPV), Negative predictive value (NPV),
and Area under the curve (AUC){CI} for FA are 91.7%, 87.5% & 0.887 {0.744,1}
respectively

The current study had some limitations
1-Relatively small sample size (40 cases)
2-pediatric cases were significantly fewer in the study group.

3-This study is missing some categories like less number of infratentorial lesions and
extra-axial brain tumors.

Recommendations

Further large-scale research is needed to assess the use of advanced MRI imaging
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sequences to aid in the differentiation between low-grade and high-grade Gliomas.
SUMMARY

We have studied the role of advanced MRI imaging in differentiating high-grade and low-
grade gliomas. Our study shows significant statistical differencesin a p-value for various
advanced MRI imaging sequences like perfusion study, spectroscopy study, and diffuse
tensor imaging in predicting high-grade versus low-grade tumors in comparison with
previous studies. The sensitivity and specificity for Cho/Cr are 87.5 % & 87.5% and for
Cho/NAA are 95.8% & 87.5% respectively. An important finding is that the rCBVt value
with a threshold of more than 1.7 can differentiate between LGG and HGG and gives 91.6%
sensitivity, and 87.5% specificity respectively. The sensitivity and specificity for FA are 91.7
% & 87.5 % respectively. The positive predictive value (PPV) and negative predictive values
(NPV) for rCBVt, Cho/Cr, Cho/NAA, and fractional anisotropy are 91.7%& 87.5%, 91.3%
&82.3%, 92% & 93.3% and 91.7% & 87.5% respectively.The cut-off values for rCBV t,
Cho/Cr, Cho /NAA, and FA are >1.7, >1.81, >2.8, and >0.14 respectively with a higher value
for high-grade gliomas. There is a significant statistical difference in the distribution of
rCBVt, Cho/Cr, and Cho/NAA by the Mann- Whitney test over the grading of tumors. By
one-tailed t-test, the mean of fractional anisotropy is significantly more in high-grade tumors
compared to low-grade tumors.

Conclusion

We concluded that the utility of advanced MRI imaging can effectively differentiate different
grades of brain tumors. The advanced MRI imaging methods-perfusion study, spectroscopy,
and diffuse tensor imaginghave a significant correlation with the degree of malignancy, thus
predicting different grades of tumors compared to conventional MRI imaging alone, aiding in
management and follow-up. In addition to conventional imaging, the use of advanced MRI
imaging sequences in brain tumor imaging provides significant insight into tumor
malignancy. These are non-invasive, easily accessible techniques that aid in patient prognosis
and thus avoid unnecessary stereotactic biopsies for low-grade gliomas that require follow-
up. The use of advanced MRI imaging sequences in brain tumors to differentiate between
tumor grades is an important part of patient management.
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