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Abstract  

Background:  Diagnosis and classification of brain tumors  
at pediatric age group is a challenging issue. MRI with different  
sequences including conventional MRI, post contrast study  
and diffusion weighted imaging (DWI) and well as ADC value  

measurement are considered accurate imaging modality to  
properly diagnose, classify brain lesions according to their  

site, extent and biological behaviour.  

Aim of Study:  To evaluate the diagnostic accuracy of DWI  
in differentiation of high and low grade pediatric brain tumors.  

Patients and Method:  Pre-operative MRI examination  
including; conventional MRI, post contrast study and DWI  

were done for 30 pediatric patients with suspected brain  
tumors by CT examination. Lesions evaluation regarding their  
size, site, signal intensity, pattern of enhancement, appearance  
at DWI and ADC values were done for all cases.  

Results:  The sensitivity, specificity, positive predictive  
value, negative predictive value and accuracy of diffusion  

weighted imaging were 89%, 100%, 100%, 86% and 93%  
respectively. All high grade tumors showed restricted diffusion.  
Post contrast MRI examination revealed no significant differ-
ence between low and high grade tumors.  

Conclusion:  Addition of DWI and ADC values measure-
ment to the routine MRI examination of the brain improved  
the diagnostic accuracy of prediction of pediatric brain tumor  
histopathological grade.  

Key Words:  Pediatric brain tumor – DWI – ADC values –  
Tumor grade.  

Introduction  

PEDIATRIC  brain tumors are considered world-
wide problem. They affect about 25% of the diag-
nosed pediatric neoplasms. The highest incid-
ence occurs in developing, low and middle in-
come countries. The overall survival of cases  
varies according to the demographic and clinical  
factors [1] .  
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Magnetic resonance imaging using multiple  
sequences provides adequate analysis of the mor-
phological and biological features of the brain  
tumors [2] . Accurate diagnosis of pediatric brain  
tumors improves patient's outcome and provides  
better prognosis. Conventional MRI examination  
provides adequate data about location and extent  
of the brain tumors. Diffusion weighted magnetic  
resonance imaging evaluate the Brownian water  
motion at microscopic level within tissues [3] .  
Addition of diffusion weighted imaging increases  
the diagnostic accuracy in detection of brain tumor  
histopathological grades and better lesion charac-
terization [4-6] .  

Measurement of Apparent Diffusion Coefficient  
(ADC) value can be used for pre-operative diag-
nosis and prediction of histopathological grades  
of brain tumors [3,6,7] .  

Diffusion Weighted Imaging (DWI) can distin-
guish tumor types and different histologic grades  
based on their cellular composition; as highly  
cellular tumors commonly revealed restricted dif-
fusion with lower ADC values. However, overlap  
between pediatric brain tumor grades and types is  

great to diagnose lesions with DWI alone [8-10] .  

The aim of our study was to evaluate the diag-
nostic accuracy of DWI in differentiation of high  
and low grade pediatric brain tumors.  

Patients and Methods  

Our prospective study was done between Jan-
uary 2017 and May 2018. Thirty patients (18 male  
and 12 female) at pediatric age group (less than  
18 years) with suspected brain tumor by CT exam-
ination were included. Cases were referred from  

Neurosurgery Department to the Radiology Depart-
ment of our Institution. They were presenting with  
headache, vomiting, macrocephaly, gait disturbance  
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or personality changes. All cases were examined  
by brain MRI including; conventional MRI, post  

contrast study, DWI and ADC value measurement.  
MRI examinations were done before operative  
treatment and biopsy. Histopathological evaluation  

of the lesions was done for all cases. Exclusion  

criteria included patient's age more than 18 years,  

post traumatic, post-operative cases, impaired renal  

function and general contraindications to MR  

imaging as (pacemaker, metallic prostheses, ....  
etc). Our study was approved by the ethical com-
mittee of our institution. Data for patients were  

collected only after obtaining informed consents.  

MR imaging technique:  
Patients were informed to assess the kidney  

function before MRI examination to avoid renal  

insult caused by contrast media. MR imaging was  

performed by using Siemens aera 1 .5T device using  

head coil. Patients instructed to lie in supine posi-
tion and to avoid unnecessary movement. Initially,  
conventional MRI examination was done. Axial,  
coronal and Sagittal T1-wieghted non-contrast  
images with imaging parameters; repetition time  

(TR)=550ms, echo time (TE)=9ms, bandwidth=  

150Hz/Px, Flip angle=900, slice thickness of 5mm,  
intersection gap=1-2mm and field of view=23cm.  

Axial and sagittal fast spin-echo T2-weighted  

images; repetition time (TR)=3870ms, echo time  

(TE)=93ms, bandwidth= 191 Hz/Px, flip angle=  
1500, slice thickness of 5mm, intersection gap=  

1-2mm and field of view=23cm. Axial Fluid-
attenuated Inversion Recovery (FLAIR) with im-
aging parameters; repetition time (TR)=9620ms,  
echo time (TE)=81ms, bandwidth=191Hz/Px, Flip  

angle=1500, slice thickness of 5mm, intersection  

gap= 1-2mm and field of view=23cm. Post contrast  

axial, sagittal and coronal T1 weighted images  
were done. Then, DW images were obtained in the  

axial plane multi-section single shot spin echo EPI  
sequence using; repetition time (TR)=4500ms,  

echo time (TE)=79ms, bandwidth=1 132Hz/Px,  
section thickness=5mm, intersection gap of 1- 
2mm, field of view=23cm. Signals acquired with  

b-values of 0 and 1000sec/mm 2 .  

Image analysis:  

All MRI examinations of the study were inter-
preted by two experienced radiologists in consensus  

(20 and 15 years' experience) who was blind to  

the results of histopathological findings. Qualitative  

and quantitative analysis of brain lesions were  

done. Qualitative analysis included the site, size,  
shape, signal intensity, pattern of enhancement,  

extension and mass effect of the lesions. Appear-
ance at DWI whether facilitated or restricted dif- 

fusion was detected. Quantitative analysis was  
done by measuring the ADC values.  

ADC values:  
ADC maps were automatically generated by  

the MRI device software. We drew the Region of  

Interest (ROI) within the brain mass lesion at the  

most hypointense area. We measured the ADC  
values expressed X 10

–3 
 to estimate the degree of  

diffusion.  

Histopathologic analysis:  
Surgical management was done for all cases  

after MRI examination. The histopathological  

results obtained from surgical intervention were  

used as the standard reference of our results. Path-
ological data included tumour site, type, cell of  
origin and the WHO grade. The tumor site whether  
supra or infratentorial, extra or intraventricular.  

The cell of origin including; astrocytic, ependymal,  

mixed neuronal and glial, choroid plexus or em-
bryonal cells. WHO grades were classified into  

four grades: G1 and G2 considered low grade  
malignancy while G3 and G4 as high grade malig-
nancy [11] .  

Statistical analysis:  
The statistical analysis of our study was done  

using SPSS Version 22 software programs (SPSS  
Inc., Chicago, Illinois, USA). We described quan-
titative data in terms of mean, median and SD,  
while qualitative data were expressed as frequency  

and percentages. Comparison between groups using  

nonparametric Mann Whitney or kruskal Wallis  

test when data not normally distributed. Diagnostic  
performance of DWI was calculated using MedCal-
version 18.10.2 software in terms of sensitivity,  
specificity, positive predictive value, negative  
predictive value and accuracy. The significance of  

the results was assessed in the form of p-value that  
was differentiated into: Non-significant when p-
value >0.05, significant when p-value ≤0.05 and  
highly significant when p-value ≤0.01.  

Results  

Our study included 30 patients; 18 male and  
12 female patients. They were presenting with  
headache (8/30), macrocephaly (8/30), vomiting  
(6/30), gait disturbances (6/30) or personality  

changes (2/30). Their ages were ranging from one  

year to 18 years, mean ±  SD (6.6±5.73). All cases  
undergone MRI examinations; including conven-
tional MRI, post contrast study, DWI and measure-
ment of ADC values. Most cases had solitary  
intracranial lesions except two cases showed mul-
ticenteric tumors.  
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Contrast enhanced MRI examination showed;  
intense enhancement in 4/30 (13%) cases, two of  
them were low grade and two cases were high  
grade tumors. Heterogeneous enhancement was  

detected in 22/30 (73%) cases; 8 cases had low  
grade and 14 had high grade lesions. Faint enhance-
ment of the lesions was seen in 4 cases; two cases  
low and two cases were high grade tumors. Pattern  
of contrast enhancement was not significant re-
garding differentiation between low and high grade  
tumors (p-value >0.05).  

Surgical management was performed for all  
cases with histopathological evaluation of the brain  
tumors. According to lesions site; we found su-
pratentorial tumors in 20 (67%) cases; multicenteric  
glioblastoma 2/30, subependymal giant cell astro-
cytoma 2/30, anaplastic ependymoma 6/30, high  
grade astrocytoma 4/30, choroid plexus carcinoma  
2/30 and dysmoplastic infantile astrocytoma 4/30.  
Infratentorial tumors in 10 (33%) cases; pilocytic  
astrocytoma 2/30, low grade glioma 2/30, epend-
ymoma 2/30 and medulloblastoma 4/30. WHO  
grading of our study revealed; 12 cases had low  

grade tumors (grade 1 and 2) (subependymal giant  
cell astrocytoma, pilocytic astrocytoma, low grade  
glioma, ependymoma and desmoplastic infantile  
astrocytoma). Eighteen cases showed high grade  
malignant tumors (grade 3 and 4) including; mul-
ticentric glioblastoma, anaplastic ependymoma,  
high grade astrocytoma, choroid plexus carcinoma  
and medulloblastoma (Table 1).  

Diffusion weighted imaging of the brain lesions  
revealed that; restricted diffusion in 16 cases (all  
of them were high grade tumors) and facilitated  
diffusion in 14 cases (12 cases with low grade and  
2 high grade tumors). Restricted diffusion appeared  

hyperintense at DWI and hypointense at ADC maps  
Figs. (1-3). The results of histopathology were  
compared to diffusion weighted imaging for as-
sessment of diagnostic performance of DWI in  
diagnosis of low and high grade brain tumors as  
shown in (Table 2) considering the pathological  
findings as the gold standard in our study. The  
sensitivity, specificity, positive predictive value,  
negative predictive value and accuracy were 89%,  
100%, 100%, 86% and 93% respectively.  

Fig. (1): 18-year-old female patient  
presented with severe headache. (A)  
Sagittal T2WI showing mixed signal  
intensity, (B) Post contrast T1WI, mul-
tiple intensely enhanced supratentorial  
intra axial Space Occupying Lesions  
(SOL), surrounded by mild to moderate  
perilesional oedema. (C,D) DWI and  
ADC value showing restricted diffu-
sion, reduced ADC value (0.71 X 10

–3 
 

mm2/sec). Pathology, multicentric  
Glioblastoma Multiforms WHO Grade  
IV.  
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Fig. (2): 1-year old male infant  
presenting with macrocephaly. (A)  
Large intraaxial SOL with cystic and  
solid component of low T2 signal.  
(B) Heterogeneously enhancing solid  
component. (C,D) Facilitated diffu-
sion at DWI and elevated ADC value  
(1.2 X 10

–3
mm

2
/sec). Pathology,  

desmoplastic infantile astrocytoma  
WHO Grade I.  

(A) (B) 
 

(C)  (D)  

Fig. (3): 14-year-old female patient  
presented with gait disturbance. (A)  
Axial T2WI showing left thalamic in-
homogeneously hyperintense SOL, (B)  
Post contrast axial image with faint  
enhancement of the lesion, (C,D) Fa-
cilitated diffusion, elevated ADC value  
(0.92 X 10

–3
mm

2
/sec) of the lesion.  

Pathology high grade astrocytoma,  
WHO Grade III (false negative case).  
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Table (1): Histopathological classification and tumor grades.  

Tumor grade No. (%)  

Low  
grade  

High Total  
grade  

Pathology:  
-  Multicentric glioblastoma  0 (0)  2 (6.7) 2 (6.7)  
-  Subependymal giant cell  2 (6.7)  0 (0) 2 (6.7)  

astrocytoma  
-  Anaplastic ependymoma  0 (0)  6 (20) 6 (20)  
-  Pilocytic astrocytoma  2 (6.7)  0 (0) 2 (6.7)  
-  High grade astrocytoma  0 (0)  4 (13.3) 4 (13.3)  
-  Choroid plexus carcinoma  0 (0)  2 (6.7) 2 (6.7)  
-  Low grade glioma  2 (6.7)  0 (0) 2 (6.7)  
-  Ependymoma  2 (6.7)  0 (0) 2 (6.7)  
-  Medulloblastoma  0 (0)  4 (13.3) 4 (13.3)  
-  Dysmoplastic infantile  4 (13.3)  0 (0) 4 (13.3)  

astrocytoma  

Total 12 (40) 
 

18 (60) 
 

30 (100)  

The ADC values were calculated for each grade  
of tumors as shown in (Table 3). We found that  
grade 1 and 2 tumors (low grade tumors) had the  
highest ADC values with mean ±  Std (1.15 X 10

–3 
 

±0.053 X 10
–3

), (1.39 X 10
–3

±0.47 X 10
–3

). While  
grade 3 and 4 (high grade tumors) had the lowest  

ADC values with mean ±  Std (0.62 X 10
–3

±0.25  

X 10
–3

), (0.66 X 10
–3

±0.18 X 10
–3

). There was  
inverse relation between the tumor grade and mean  
ADC values.  

Table (2): Diagnostic performance of DWI in diagnosis of  
high and low grade brain tumors.  

Final diagnosis  
DWIs findings Low grade High grade  

tumors (12) tumors (18)  

Facilitated diffusion 12 (TN) 2 (FN)  
Restricted diffusion 0 (FP) 16(TP)  
Sensitivity 89% (65-99%)  
Specificity 100% (73.5-100%)  
PPV 100%  
NPV 86% (62-96%)  
Accuracy 93% (78-99%)  

Nonparametric, Kruskal Wallis test was done  
to detect the statistical difference between ADC  
values of different tumor grades (data were not  
normally distributed), it illustrated that there was  
a statistically significant difference between grade  
1 and 3, grade 1 and 4, grade 2 and 3, grade 2 and  

4 with p-values were 0.005, 0.001, 0.038 and 0.02  
respectively. No statistically significant difference  
was detected between grade 1 and grade 2 as well  
as grade 3 and grade 4 (p-values were >0.05).  

Table (3): Represents the ADC values mean, median, range, Std, minimum and maximum levels at different tumor  

histologic grades.  

N  Mean  Range  Median  Std. Deviation  Minimum  Maximum  

Grade 1  8  1.15 X 10
–3 

 0.1 X 10
–3 

 1.15 X 10
–3 

 0.05 X 10
–3 

 1.1 X 10
–3 

 1.2 X 10
–3 

 

Grade 2  4  1.39 X 10
–3 

 0.82 X 10
–3 

 1.39 X 10
–3 

 0.47 X 10
–3 

 0.98 X 10
–3 

 1.8 X 10
–3 

 

Grade 3  8  0.62 X 10
–3 

 0.56 X 10
–3 

 0.76 X 10
–3 

 0.25 X 10
–3 

 0.24 X 10
–3 

 0.8 X 10
–3 

 

Grade 4  10  0.66 X 10
–3 

 0.6 X 10
–3 

 0.63 X10
–3 

 0.18 X 10
–3 

 0.35 X 10
–3 

 0.92 X 10
–3 

 

Discussion  

Pediatric brain tumors are considered the second  
most common neoplastic lesions at that age group  
[12] . Management and prognosis differ according  
to the tumor type, extent and WHO grade [13] .  
Magnetic resonance imaging using multiple se-
quences provides adequate analysis of the morpho-
logical and biological features of the brain tumors  
[2] . Diffusion weighted imaging can be used to  
assess tumor cellularity and grading [14] .  

Raisi-Nafchi et al., [15]  reported an indirect  
relation between ADC value and histopathological  

grade of the tumors. Increased cellularity in higher  
grade tumors shows restricted diffusion at Diffusion  
Weighted Images (DWI), and vice versa [5,16,17] .  
So, restricted diffusion can be used to correspond  
to high grade pediatric brain tumors [18] .  

The present study revealed restricted diffusion  
in most of high grade tumors (89% of cases). All  
cases with low grade tumors showed facilitated  
diffusion. We reported high specificity and positive  

predictive value of DWI. So, the presence of re-
stricted diffusion could be considered as predictor  
of high grade tumors and also almost exclude low  
grade tumors. Our results agree with previous  
studies [4,6,16,19] ; who stated that the presence of  
restricted diffusion is highly predictive of tumors  
with high grade.  

Studies done by [4,6,13] ; reported that ADC  
values could be used in differentiating cell types  
of brain tumors with similar pathological grades.  
in our study, we found no statistical significance  
between cell types and ADC values.  

We found that the sensitivity, specificity, PPV,  
NPV and accuracy of DWI in differentiating  
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high from low grade brain tumors were 89%,  
100%, 100%, 86% and 93% respectively. These  
results were similar to that reported by Peter et al.,  

2006 [20] .  

Our study included 2 false negative cases and  

no false positive cases. This signify that the pres-
ence of restricted diffusion is a sure sign of malig-
nant lesions. These results also agree with Peter  
et al., 2006 [20]  who reported three false negative  

and no false positive cases. The presence of facil-
itated diffusion could occur in 11% of malignant  
lesions. So, further assessment of such cases is  

required to determine tumor grade, evaluation of  

ADC value, clinical examination of the patient and  

morphological evaluation of the lesion may support  
the diagnosis whether towards malignant or benign  

lesions. Low ADC values most probably supports  
malignant lesions.  

Although, ADC value can be used as predictor  
of histopathologic grade of the brain tumor [6] ,  
there is wide overlap of ADC values without def-
inite cutoff values [10] .  

Our study included; supratentorial and infraten-
torial tumors. Intra and extraventricular tumors.  
Study done by Abdulaziz et al., 2019 [21] . Included  
extraventricular tumors only. Dolecek et al., 2012;  
reported that 50% of intracranial tumors in pediatric  
patients were found in the posterior fossa [22] . In  
our study infratentorial tumors were found in 33%  

of cases.  

Conclusion:  
Addition of DWI and ADC values to the routine  

MRI examination of the brain improved the diag-
nostic accuracy of prediction of pediatric brain  

tumors histopathological grade.  
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