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Abstract  

Background:  MRI is the standard technique for diagnosis  
of brain tumors, but the challenge is determination of brain  
tumor grade.  

Aim of Study:  To assess the role of Apparent Diffusion  
Coefficient (ADC) and relative Cerebral Blood Volume (rCBV)  

in brain tumors grading.  

Patients and Methods:  Our prospective comparative  
analytic study involved 26 patients that were diagnosed to  

have brain tumors. All patients were subjected to revision of  
their medical history, full neurological and cognitive functions  
assessment, anatomical brain assessment by conventional  

MRI examination of the brain, diffusion and perfusion MRI  
with measurement of mADC & rCBV values respectively.  
Correlation of results with the histopathological findings of  
the resected tumors as a gold standard were performed.  

Results:  The diagnostic capability of mADC by using cut  
off value of < 1.28 X 10

–3
mm

2
/s had a sensitivity of 81.2%,  

specificity of 100% at p -value of 0.0001. All the low-grade  
tumors had low perfusion (rCBV <3.22 & <2.33) while most  
of the high-grade tumors had high perfusion (rCBV >3.22 &  

>2.33) with significant difference in between (p=0.001 &  
0.002). The diagnostic capability of rCBV by using cut off  
value of >3.22 & >2.33, had a sensitivity of 68.4%, 90.9  
respectively and a specificity of 100% at p-value of <0.00.  
Multivariant logistic regression revealed that rCBV higher  
than 2.33 and mADC !9 1281.34 fitted the statistical regression  
for prediction of high grade tumors in intra-axial brain tumors  

(p=0.002).  

Conclusion:  Diffusion and perfusion imaging are useful  

for characterizing intra-axial brain tumors. rCBV measurement  
can be used to determine the grade of glioma with no added  

advantage of ADC map.  

Key Words:  Diffusion – Perfusion – MRI – Brain tumor – 
Glioma.  

Introduction  

BRAIN  tumors are the second leading cause of  

cancer-related deaths in children under age of 20  
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and the second leading cause of cancer-related  

deaths in males ages 20-39 in the United States  

[1,2] .  

MRI is the standard technique for brain tumor  

diagnosis. It is used in combination with other  
imaging modalities, such as Computed Tomography  
(CT), and Positron Emission Tomography (PET)  
to provide the most exact information about tumor  

morphology and metabolism [3] . The most frequent  
challenge in the diagnosis of brain tumor is the  
differential diagnosis of a solitary intra-axial brain  

tumor. In such cases, gross tumor resection or  

stereotactic biopsy is required to reach a definitive  

diagnosis [4] . Qualitative interpretation of basic  
brain tumor MRI (including T2-weighted images  

and gadolinium [Gd]-enhanced T1-weighted imag-
es) remains the backbone of brain tumor imaging  
in a significant number of cases [5] . However, these  
techniques fail to allow confident and correct  
differential diagnosis, grading, and monitoring of  
the brain tumors.  

Nowadays the role of neuroimaging in patients  

with brain tumors is no longer simply to evaluate  
structural abnormality, it allows characterization  

of morphologic as well as biologic alterations to  
diagnose and grade brain tumors as well as to  
monitor and assess treatment response and patient  

prognosis [6] . The grade of brain tumor is pivotal  
in the treatment decision, follow-up to monitor  

disease progression and therapeutic response. DWI  
& perfusion weighted imaging play an important  
role in the transition of clinical MR imaging to  

one that combines structure with function. Perfusion  

MRI provides precise determination of the regional  

vascularity and degree of vascular proliferation  

unlike contrast enhancement that indicates disrup-
tion of the blood-brain barrier, which is an impor-
tant parameter for the histopathologic grading of  

gliomas [7] .  
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Thus the purpose of our study was to assess  
the role of Apparent Diffusion Coefficient (ADC)  

and relative Cerebral Blood Volume (rCBV) in  

brain tumors grading.  

Patients and Methods  

This is a analytic comparative prospective single  

centre study approved by the local institutional  
ethics committee; written informed consent was  

obtained from all patients.  

Study population:  
Our study consisted of a series of 26 patients  

(10 male patients and 16 female patients with age  
range from 11-79 years) were diagnosed as to have  
brain tumors who underwent to pre-operative brain  

MRI over a period of 1 year from January 2017 to  
January 2018. Inclusion criteria involved patients  

with brain tumors (based on symptoms, clinical  

examination, conventional MRI & histopathological  
findings), while the exclusion criteria involved  

absolute contraindications to MR imaging (implant-
ed defibrillator or pacemaker, cochlear implant,  
some types of clips used on brain aneurysms), and  

patients refusing to contribute in the study.  

All patients were asked about their medical  
history, past illness and neurological problems,  

and subjected to full neurological and cognitive  

function assessment.  

Anatomical brain assessment by using conven-
tional MRI assessment (T 1 W, T2W, FLAIR & T1  
post contrast sequences), diffusion & perfusion  

were done for all patients selected according to  

the inclusion and exclusion criteria. mADC &  
rCBV values were measured and correlated with  

the pathology results of the masses which were  

obtained post-operatively.  

Magnetic resonance imaging protocol:  
All patients underwent a 1.5 Tesla MR of the  

brain by using MR scanner (Philips Medical Sys-
tems, Achieva) and post processing was done by  

Philips work station using software (Extended  
work space, version 2.6).  

Patient's preparation:  

The ferromagnetic materials were taken off.  

The procedure was explained to the patient, and  

then the patient was asked to lie supine and in-
structed not to move during the study.  

MRI protocol:  
Anatomical brain assessment by using conven-

tional MRI assessment (T 1 W, T2W, FLAIR & T1  
post contrast sequences), diffusion and perfusion- 

weighted MR images were obtained. Diffusion-
Weighted (DW) imaging comprised an echoplanar  

spin-echo sequence with the following parameters:  
TR 4247, TE 95, EPI factor 77, Field of View  

(FOV) 230mm, slice thickness 5mm, slice gap  
1 mm, number of excitations 1, matrix 77 X 256,  
number of slices 22, acquisition time 30s. The DW  

images were acquired at b-values of 0 and 1000  
s/mm2 . An isotropic image was constructed in real  

time, pixel by pixel, as an average of the signal  

intensities in three orthogonal directions. ADC  
maps were generated from the DW images. Dy-
namic susceptibility contrast-enhanced MRI (DSC-
MRI) was performed to acquire perfusion images.  
An echoplanar gradient-echo sequence with the  

following parameters was employed: TR 17, TE  
8, flip angle 7, EPI factor 7, FOV 220mm, slice  

thickness 3.5mm, slice gap 0mm, number of exci-
tations 1, matrix 64 X 64, number of slices 60  

series of 22 slices, acquisition time 77s. This  
technique is highly sensitive to T2* changes due  

to its very long TE. Image acquisition began si-
multaneously with contrast agent injection. A  

standard dose (0.2ml/kg, 0.1mmol/kg) of Gado-
benate Dimeglumine was injected using an auto-
mated power injector at a flow rate of 6ml/s fol-
lowed by a 40-ml saline flush at the same rate.  

MRI image analysis:  
All MR images were reviewed by consensus  

of two experienced radiologists blinded to the  

clinical information & final histopathological re-
sults. Images were transferred to an offline work-
station for post processing.  

For rCBV calculation; Regions of Interest (ROI)  
were manually placed as two circles; the first  

around the tumor and the second around normal  

contralateral brain tissue on the derived rCBV  
maps, the CBV was then calculated for each, the  

same process was repeated 3 times in different  

areas of the brain tumor. The highest CBV value  
of each tumor was divided by the CBV value of  

the contralateral normal brain tissue to provide the  

rCBV index values used in this study.  

For ADC calculation; Regions of Interests (ROI)  

were manually placed as 3 separate ellipses where  
the tumor was, then the ADC was calculated for  

each and the mean ADC (mADC) was obtained.  

Results  

The study involved 10 male patients (37%) and  

16 female patients (63%), age of patients ranged  
from 11-79 years, the age range group of 30-39  

represented (22.2%). Based on histopathological  

results; metastasis represented the majority of cases  
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(22.2%) and the lowest number of cases was ves- 
tibular schwannoma (3.7%), other pathological  

entities involved medulloblastoma, glioblastoma  

multiform, meningioms, astocytoma, anaplastic  

astrocytoma, central neurocytoma, gliosarcoma,  

anaplastic oligidendroglioma Figs. (1,2).  

(A) (B) (C)  

Fig. (1): MRI brain of a 11-year-old boy with headache showing a 4 th  ventricular mass pathologically proven to be  
medulloblastoma. (A) Diffusion Weighted Image 'DWI', (B) Apparent Diffusion Coefficient 'ADC'. The mass appeared to be  

hyperintense on DWI that turns to be slightly dark on ADC map denoting diffusion abnormality. Mean ADC=0.952 X 10
–3

mm
2
/s  

(c) Accompanying rCBV color map shows increased perfusion within the mass. Lesion shows CBV values in the lower range.  

The maximum rCBV=2.04.  

Fig. (2): MRI brain of a 64-year-old female with headaches showing a Rt. CPA mass pathologically proven to be acoustic  

neuroma. (A) Diffusion Weighted Image 'DWI', (B) Apparent Diffusion Coefficient 'ADC'. The mass appeared to be hypointense  

on DWI with correspondingly bright ADC map denoting no diffusion restriction. Mean ADC=1.507 X 10
–3

mm
2
/s (c) Accompanying  

rCBV color map shows increased perfusion within the mass. Lesion shows CBV values in the lower range. The maximum  

rCBV=3.22.  

The diffusion pattern of intra-axial brain tumors  
compared to their WHO grade revealed that all  

low-grade tumors had mADC higher than the cutoff  
point, while most of the high-grade tumors had  
mADC lower than the cutoff point with a significant  

difference; p-value=0.0187. Receiver Operating  
Curve analysis (ROC) for assessment of mADC  

revealed that Area Under Curve (AUC) was 0.875  

(at 95% confidence interval 0.636-0.981). The  

results of diagnostic capability of mADC by using  
cut off value of ≤ 1.28 X 10

–3
mm

2
/s had a sensitivity  

of 81.2%, specificity of 100%, p-value of 0.0001  
Fig. (3).  

All low-grade tumors had low perfusion (rCBV  
<3.22), while most of the high-grade tumors had  

high perfusion (rCBV>3.22) with significant dif-
ference; p-value=0.0014 (Table 1). ROC curves  
for assessment of rCBV revealed that (AUC, 0.829;  

at 95% confidence interval 0.636-0.945). The  

results of diagnostic capability of rCBV by using  

cut off value of >3.22 had a sensitivity of 68.4%,  

specificity of 100%, p-value of <0.000 Fig. (4).  
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Fig. (3): ROC curve for mADC shows that the mADC by  

using cut off value of <<- 1.28 X 10
–3

mm
2
/s had a  

sensitivity of 81.2% and a specificity of 100% at a  

p-value of 0.0001.  

Table (1): The perfusion pattern of all brain tumors (intra +  

extra) compared to their WHO grade.  

WHO Perfusion–3.22 Chi- p - 
grade Low "0" High "1" Square  value  

Low "0" 
 

8 (100.0%) 
 

0 (0.0%) 8 (29.6%) 10.165 
 

p= 
 

High "1" 
 

6 (31.6%) 
 

13 (68.4%) 
 

19 (70.4%) 0.0014*  

14 (51.9%) 
 

13 (48.1%) 
 

27 (100.0%)  

*: Statistically significant difference.  
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Fig. (4): ROC curve for rCBV shows that the rCBV by using  

cut off value of >3.22 had a sensitivity of 68.4% and  
a specificity of 100% at a p -value of <0.0001.  

Table (2): The perfusion pattern of brain gliomas compared  
to their WHO grade.  

WHO  
grade  

 

Perfusion >2.33  Chi- 
Square  

p - 
value  Low "0"  High "1"  

Low "0" 
 

3 0 3 (21.4%) 8.864 
 

p= 
High "1" 

 

1 10 11 (78.6%) 0.0029*  

4 (28.6%) 
 

10 (71.4%) 
 

14 (100.0%)  

*: Statistically significant difference.  

All low-grade gliomas showed low perfusion  
(rCBV<2.33) while most of the high-grade gliomas  

showed high perfusion (rCBV >2.33) with signif-
icant difference (p=0.0029). It had an ODDS Ratio  
(OR) of 49,  p-value=0.026 (Table 2). Meanwhile  
ROC assessment of rCBV revealed that (AUC,  

0.939; at 95% confidence interval 0.676-0.999).  

The results of diagnostic capability of rCBV by  

using cut off value of >2.33 had a sensitivity of  

90.9%, specificity of 100%, p-value of <0.0001.  
There was a statistically significant difference  
between the perfusion in low-grade and high-grade  

Gliomas Fig. (5).  
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Fig. (5): ROC curve for rCBV shows that the rCBV by using  

cut off value of >2.33 had a sensitivity of 90.9% and  
a specificity of 100% at a p-value of <0.0001.  

With multivariant logistic regression; an rCBV  

higher than 2.33 and mADC ≤ 1.28 X 10
–3

mm
2
/s  

fitted the statistical regression for prediction of  

high grade tumors in intra-axial brain tumors ( p=  
0.002).  

Discussion  

Intra-axial brain masses are a significant health  

problem. The major diagnostic challenge is to  

reliably, noninvasively, and promptly differentiate  

intra-axial tumors to avoid biopsy and imaging  
follow-up. Integration of diagnostic information  

from advanced MR imaging techniques can further  

improve the classification accuracy of conventional  
anatomic imaging. There is no universally accepted  

single threshold for rCBV that can help discriminate  

among the various intra-axial lesions [3] .  

Our study showed that the DWI can significant-
ly differentiate intra-axial tumors into low and  

high grades according to WHO classification with  
a sensitivity and specificity of 81.2% and 100%  
respectively at a cutoff point of ≤ 1.28 X 10–3mm2/s.  
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In agreement with our results; Kono et al., [8]  
reported a statistically significant difference of  
ADC values between glioblastomas and grade II  

astrocytomas. An inverse relationship between  

diffusion and tumor cellularity was observed and  

lower ADC values suggested malignant gliomas,  

higher ADC values suggested low grade astrocy-
tomas. Fan et al., [9]  showed that DWI is useful in  
the differentiation of non-enhancing gliomas, as  

ADC values in anaplastic astrocytomas were sig-
nificantly lower in the solid portions of the tumors  

compared to low grade glioma. Yang et al., [10]  
agree with other authors. This finding may be  
explained by tortuousity of the interstitial space  

and the resultant limitation in water movement  

[11] .  

On the other hand, Rizzo et al., [12]  concluded  
that DWI are inadequate to provide information  
about the degree of differentiation of glial tumors.  

Lam et al., [13]  failed to find a significant difference  
between the two grades of tumor.  

Current basic biology research focuses on the  

interactive role of tumor hypoxia, gene expression,  
and macrophage activation, in the transition from  

normal permeability and blood volume, to increased  
permeability and volume, and finally to frank  
neoangiogenesis, during transformation from low-
grade glioma to GBM. In these neocapillaries,  

deficiency or absence of basal lamina and pericytes  

and reduced endothelial expression of occludins  

and other cell surface proteins result in large en-
dothelial gaps or fenestrations and leaky intercel-
lular tight junctions that together produce the  

markedly increased capillary permeability [14] .  

Our results highligthed the role of perfusion in  
differentiation of lower and higher grades of tumors  

according to WHO standard with statistically sig-
nificant results. All the low-grade gliomas showed  

low perfusion (rCBV <2.33), while most of the  

high-grade gliomas showed high perfusion (rCBV  
>2.33) with statistically significant difference in  

between both types (p-value=0.0029).  

The results of a study by Ellika et al., [15]  on  
14 patients of gliomas revealed that the mean rCBV  
in the high-and low-grade gliomas was 3.06 ± 1.35  
and 1.44±0.42, respectively, with a statistically  

significant difference between the 2 groups (p=  
.005). Cut points of >1.92 for rCBV (85.7% sensi-
tivity and 100% specificity) were found to identify  
the high-grade gliomas. Shin et al., [16]  used a  
threshold of 2.93, with a sensitivity of 90.9% and  
a specificity of 83.3%. Hakyemez et al., [17]  used  
a threshold of 2.00 to differentiate low-and high- 

grade gliomas, with 100% sensitivity and 90.9%  

specificity. Lev and Rosen [18]  described a threshold  
of 1.5 in discriminating between patients with low  
and high-grade gliomas, with a sensitivity and  
specificity of 100% and 69%, respectively. Law  

et al., [19]  showed a sensitivity and specificity of  
95.0% and 57.5%, respectively, by using 1.75 as  
the threshold value.  

The results of our study revealed that the rCVB  
at the cutoff point of >3.22 & the ADC at the cutoff  

point of ≤ 1.28 X 10
–3

mm
2
/s can significantly  

distinguish low grade from high grade tumors  

according to WHO grading.  

In agreement with our study, Rollin et al., [20]  
found that rCBV values were greater in high-grade  

than in low-grade tumors (3.87± 1.94 versus 1.30±  
0.42). The differentiation between high-and low-
grade gliomas was not possible using diffusion-
weighted images and ADC values alone.  

Other studies reported no significant role for  
diffusion and found a helpful role of perfusion, as  

in Hakyemez et al., [17] , they found that dural  
metastasis and meningiomas could not be differ-
entiated by qualitative assessment of conventional  
and diffusion MRI. The rCBV ratios for dural  
metastasis and meningiomas were 4.13 ±2.32 and  
7.32±4.10 respectively with significant p-value  
(=0.003). A study by Rizzo et al., evaluated  
DWI and PWI imaging in the characterization of  

cerebral tumors. Ninety-eight patients with cerebral  
tumors revealed that ADC value of solid tumors  

(0.64- 3.5 X 10
–3

mm
2
/s). The rCBV value was 1.4  

(σ  0.66) in low-grade gliomas; 1.22 ( σ  0.25) in  
lymphomas; 4.5 (σ  0.85) in grade III gliomas [12] .  

Our results were comparable with the findings  

of Lev et al., [18]  who reported 100% sensitivity  
and 69% specificity at a cutoff value of 1.5 for  

rCBV. Shin et al., [16] , who found a cutoff value  
of 2.9 with 91% sensitivity and 83% specificity.  
Although the sensitivity was similar, our specificity  
was higher than the others, which could be con-
tributed to higher rCBV cutoff value (3.22) in our  
study, to eliminate confounding and to minimize  
type 2 error (number of false-positives).  

This study had some limitations, firstly; that  
we found no difference between the ADC values  

of low and high-grade gliomas, and this finding  

may have resulted from the small sample size of  

our study, so further more studies with large sample  

size are necessary to cover different WHO grades  

of tumors to confirm these findings. Secondly;  

manual ROI placement represented one of the  
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technical challenges in our study because of pos-
sible sampling error of voxel selection specially  

in multicenteric tumors. Automated lesion segmen-
tation could have been more accurate and repro-
ducible.  

In Conclusion:  
Diffusion and perfusion imaging are useful for  

characterizing intra-axial brain tumors, in conjunc-
tion with conventional MR imaging. rCBV meas-
urements can be used to determine the grade of  

glioma. We found no clear advantage of ADC map  
for the grading of gliomas. We recommended to  
include diffusion and perfusion imaging as part of  

the routine evaluation of brain tumors. A practical  
diagnostic algorithm that integrates advanced MR  

imaging features to help the practicing radiologist  

to differentiate patients with high grade glioma  

from those with low grade glioma so that biopsy  

can be dispensible.  
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