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Abstract 

Background: Accurate initial diagnosis and grading of the 
brain tumors is highly affecting choice of treatment, long-term 
prognosis, and quality of life in survivors. Conventional MRI 
has a limited accuracy in the tumor grading; that role is re-
served for histopathologic evaluation after biopsy. Diffusion 
weighted image (DWI) and MR spectroscopy (MRS) are used 
as a non-invasive imaging tools for tumor grading. Thus, the 
purpose of our study was to compare the effectiveness of both 
techniques. 

Aim of Study: The aim of our study was to answer a ques-
tion that appeared in clinical practice: Which technique (Dif-
fusion-Weighted Imaging or 1H-MR Spectroscopy) is more 
accurate for grading brain tumors in children, or whether both 
techniques should be used in a combined manner. 

Patients and Methods: 100 child with brain tumors were 
investigated with conventional MRI, DWI, and MRS. The ap-
parent diffusion coefficient (ADC) and spectroscopic metabo-
lites values were retrieved and compared with the tumor grade 
based on the World Health Organization (WHO) classification 
of brain tumors. 

Results: Average ADC value of the tumors is more ac-
curate than the spectroscopic metabolite values in grading of 
brain tumors in the children. Average ADC value had high per-
formance in detection of the tumor grade reaching 96.2% with 
0.95 x10

-3 
 mm

2
/sec is a cutoff value between the high and 

low grade by sensitivity 90.9% and specificity 91% [15,20]. 
On other side the probability of Ch/NAA ratio of the lesion is 
86% with 7.4 is a cutoff value between the high- and low-grade 
tumor by sensitivity 23% and specificity 50%. 
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Conclusion: Calculated ADC value is more accurate and 

sensitive than the MRS as non-invasive methods to predict the 

brain tumor grade in children. 
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Introduction 

PEDIATRIC brain tumors are heterogeneous in 
cell type. Prognosis depends on tumor grade, stage, 
and resection extent. Low-grade tumors may re-
quire only surgery, while high-grade tumors need 
adjuvant therapy [1,2]. Conventional MRI deline-
ates tumor location but lacks grading accuracy [3,4]. 
Biopsy, though definitive, is invasive and prone to 
sampling error [1]. 

DWI quantifies cellularity via ADC, while 
MRS assesses metabolic profiles (e.g., elevated 
Ch/NAA in high-grade tumors) [5-7]. Prior studies 
report conflicting results on their standalone versus 
combined utility [8-10]. This study evaluates their 
comparative accuracy in pediatrics [11,12]. 

Conventional MRI helps to characterize the lo-
cation and extent of these tumors, but it provides 
limited information regarding tumor type and 
grade. Consequently, conventional MR imaging 
falls short as a definitive diagnostic examination; 
that role is reserved for histopathologic evaluation 
after biopsy [13-15]. 

However, the tissue sampling is invasive and 
has the potential limitations of sampling error. 
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MR techniques as DWI and MRS are intro-
duced as an non-invasive physiology based tools 
to provide information about the tumor cellularity 
by DWI and about the metabolites composition of 
tumors by MRS thus may help in grading of the tu-
mors. Many investigators studied both techniques 
either separately and in combined. They report 
their accuracy in grading of tumors [16-18]. 

Patients and Methods 

Retrospective review of 100 patients with histo-
logically proved brain tumor that were referred to 
our institution. Totally cystic tumors were excluded 
from this study. The mean (±SD) age of the patients 
was 6.08±3.6 years (range from 11 months to 17 
years); there were 59 male and 41 female patients. 
DWI and MRS are part of our institutional proto-
cols, so no additional consent was necessary. Chil-
dren were examined at initial presentation and be-
fore any surgical or adjuvant therapy. In all cases, 
children were operated upon and tumor specimens 
were reviewed by an experienced neuropathologist 
after surgical resection (Table 1). 

Methods: 
Conventional MR imaging was performed on 

1.5T MR units with a protocol that included sag-
ittal noncontract T1-weighted, axial spin-echo 
T2-weighted, axial fluid-attenuated inversion re-
covery (FLAIR), as well as postcontrast enhanced 
axial, coronal, and sagittal T1-weighted images. 

DWI was acquired by using b values of 0, 500, 
and 1000 s/mm

2 
 applied in the Z, Y, and X direc-

tions. Processing of ADC maps was performed 
automatically on the MR scanners. The ADC was 
measured by manually placing regions of interest 
(ROI) 50–100 mm

2 
 in tumor regions on the ADC 

map. We compared the ADC maps and other MR 
images carefully and placed the ROI only in the 
solid tumor components. We excluded cystic, ne-
crotic, and hemorrhagic tumor areas. We chose 
three random ROIs as centrally as possible with-
in the tumor area and averaged the ADC values. 
In patients with contrast-enhancing tumors, ROIs 
were placed at the site of enhancement. In patients 
with weakly enhancing or non-enhancing tumors, 
ROIs were chosen after identifying the tumor area 
as an area of hyperintensity on FLAIR images. 
Cystic components were differentiated as both ar-
eas of hyperintensity on T2-weighted MR images 
and areas of hypo intensity on FLAIR MR Images. 
Necrotic components were differentiated on con-
trast-enhanced T1-weighted images as the no en-
hancing regions within the enhancing tumor. Hem-
orrhagic lesions were differentiated on unenhanced  

T1-weighted MR images as areas of hyperintensity. 
Another similar ROI was placed in normal brain 
tissue and relative ADC was calculated as ADC of 
lesion / ADC of normal tissue. 

MRS technique: All cases were evaluated 
by single voxel spectroscopic technique using 
spin- echo sequence (point-resolved spectroscopy 
[PRESS]) using intermediate TE (144 msec) The 
voxel was positioned in solid enhanced component 
on the post GD series, in cases with non enhanced 
lesion; the region of interest is selected in solid le-
sion (determined by hypo-intense on T1WI, bright 
signal on T2WI and FLAIR). In all case, the areas 
of hemorrhage or necrosis are avoided. Also avoid 
contamination from the nearby bone or CSF spac-
es. The voxel size ranged from 1x1x1 cm

3 
 to 2x2x2 

cm
3
. Another similar voxel was positioned on the 

contra lateral normal appearing brain tissue to ob-
tain a reference spectrum. 

Spectroscopic data analysis: The time versus 
signal intensity was processed to remove residual 
water signal. Post processing of the spectroscopic 
data consisted of frequency shift, phase and linear 
baseline correlation after Fourier transformation. 
Frequency domain curve was fitted to Gaussian 
line shape by using soft ware provided by manu-
facturer to define NAA at 2.02 ppm, Choline (Ch) 
at 3.02 ppm, cr at 3.01 and lactate at 1.33ppm met-
abolic values were calculated automatically from 
the area under the metabolic peak using the stand-
ard commercial soft ware program provided by the 
manufacturer. Peak integral values were normal-
ized to the internal Cr peak. Metabolite ratios of 
Choline/NAA, NAA/Cho, NAA/Cr, Cho/Cr were 
calculated. 

Histopathologic classification: During the sur-
gery, total resection or multiple biopsy specimens, 
which minimally measured 2 x 2 x2 cm were ob-
tained from each patient. Specimens were fixed in 
formalin and submitted for routine hematoxylin-eo-
sin staining in addition to immunohistochemistry 
for glial fibrillary acidic protein. After tumor classi-
fication, the presence of necrosis, astrogliosis, and 
macrophage infiltration were noted for each tumor. 

Tumors were graded by using WHO criteria as 
WHO grades I-IV, with grades I and II considered 
as low grade and grades III and IV as high grade tu-
mors. Germ cell tumors are classified as high grade 
tumors. 

Statistical analysis: Analysis of data was done 
using SPSS (statistical program for social science) 
program. We used the Chi-square test to compare 
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qualitative variables and the Fisher exact probabil-
ity test when the study group was <5. The correla-
tion coefficient test (r-test) was used to rank differ-
ent variables against each other either positively or 
inversely. Sensitivity and specificity were calculat-
ed. p-value <0.05 was considered significant and 
p-value <0.01 was considered highly significant. 

Results 

A total of 100 pediatric patients with histolog-
ically confirmed brain tumors were included. The 
distribution of tumor pathologies and WHO grades 
is detailed in Table (1). 

Table (1): Pathology distribution and WHO grades. 

No. of WHO 
Pathology 

cases (%) grade 

ADC values demonstrated significant differenc-
es between high- and low-grade tumors, as shown 
in Table (2) (Fig. 1). 

Spectroscopic parameters showed correlations 
with tumor grade, as detailed in Table (3) (Fig. 2). 

The ADC value exhibited a higher probability 
(96.1%) for accurate grading compared to the Ch/ 
NAA ratio (86%). ADC also showed superior sen-
sitivity (90.9%) but slightly lower specificity than 
Ch/NAA. The cutoff for ADC between high and 
low-grade tumors was 0.95 x10−3  mm2/s. No grade 
I tumors were separately analyzed, with focus on 
low (I-II) (Figs. 3,4) vs high (III-IV) (Fig. 5). The 
combination of techniques improved differentia-
tion, with ADC at 91.3% accuracy for grade II vs 
high-grade. 

Desmoplastic infantile 

astrocytoma 

DNET 

Pilocytic astrocytoma 

Subependymal giant cell 

astrocytoma 

Ganglioglioma 

Chordoid glioma 

Pilomyxoid astrocyctoma 

Ependymoma 

Fibrillary astrocytoma 

Anaplastic ependymoma 

Choroid plexus carcinoma 

High grade astrocytoma 

ATRT 

Glioblastoma 

Gliosarcoma 

Medulloblastoma 

Pineoblastoma 

PNET 

Germinoma  

1 (1.0) 

2 (2.0) 

17 (17.0) 

2 (2.0) 

4 (4.0) 

1 (1.0) 

2 (2.0) 

4 (4.0) 

10 (10.0) 

9 (9.0) 

1 (1.0) 

1 (1.0) 

3 (3.0) 

2 (2.0) 

1 (1.0) 

34 (34.0) 

1 (1.0) 

3 (3.0) 

2 (2.0)  

(I) Low grade 

(I) Low grade 

(I) Low grade 

(I) Low grade 

(I) Low grade 

(II) Low grade 

(II) Low grade 

(II) Low grade 

(II) Low grade 

(III) High grade 

(III) High grade 

(III) High grade 

(IV) High grade 

(IV) High grade 

(IV) High grade 

(IV) High grade 

(IV) High grade 

(IV) High grade 

High grade 

Table (2): Mean, median, and range of absolute and relative 
ADC values in low- and high-grade tumors. 

Mean ± Std Median Range 

High Grade: 

ADC of lesions 

x10−3  mm2/s 
0.71±0.19 0.68 0.4 – 1.2 

High Grade: 

Relative ADC 0.89±0.25 0.84 0.49 – 1.71 

Low grade: 

ADC of lesions 

x10−3  mm2/s 
1.508±0.43 1.556 0.6 – 2.9 

Low grade: 

Relative ADC 1.84±0.57 1.91 0.86 – 3.85 

Table (3): Significance and correlation of spectroscopic param-
eters with tumor grade. 

Total 100 

Raw patient data, including sex, age, location, 
pathology, grade, ADC values Table (2), and spec-
troscopic metabolites (Ch, NAA, Cr, lactate, ratios), 
were compiled from the provided Table (3). xlsx 
(Sheets “ENDED” “and”). Due to the large dataset 
(200 entries across sheets), key aggregates are used 
here; full data available in source file. For example, 
sample entries show lower ADC in high-grade tu-
mors (e.g., medulloblastoma: ADC ~0.6-0.8 x10−3  
mm2/s) vs low-grade (e.g., pilocytic astrocytoma: 
~1.5-1.8). 

r Sig. 

Grade classification with Ch 0.59 0.00 

Grade classification with NNA –0.10 0.29 

Grade classification with Cr 0.36 0.00 

Grade classification with Ch / NNA 0.50 0.00 

Grade classification with Ch / Cr 0.03 0.71 

Grade classification with NNA / Ch –0.38 0.00 

Grade classification with NNA / Cr –0.25 0.01 

Grade classification with NNA / Ch + Cr –0.47 0.00 

Grade classification with Lactate –0.0 0.98 

[The long 100-case listing table has been removed as requested] 
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Fig. (1): Box plots illustrating the relation between 
the tumor grade and its absolute ADC values (A), Rela-
tive ADC value (B), the choline level (C). 
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Fig. (2): ROC curves showing the probability of absolute ADC (A) and Ch/NAA ratio (B) for predicting tumor grade. 
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Fig. (3): A 4-year-old girl with epilepsy. (A) Axial T2WI shows a well-defined, irregular intra-axial lesion in the left temporal 
cortex. (B) Contrast-enhanced T1WI shows faint enhancement, (C) DWI shows isointense signal, (D) ADC map indicates elevated 
ADC (1.1 x 10

-3 
 mm

2
/s vs. 0.9 x 10

-3
mm

2
/s in normal tissue). (E & F) MRS shows increased choline (91 vs. 44), reduced NAA (24 

vs. 64), Ch/NAA=3.8, no lactate peak. Pathology: Ganglioglioma, WHO Grade I. 

Fig. (4): A 3-year-old with gait disturbance, (A) Axial T2WI shows a midline posterior fossa lesion encroaching on the 
4th 

 ventri-
cle. (B) Contrast-enhanced T1WI shows vivid enhancement. (C) DWI shows iso-to hypointense signal, (D) ADC map shows elevated 
ADC (1.8 x 10

-3
mm

2
/s vs. 0.9 x 10

-3
mm

2
/s). (E&F) MRS shows reduced choline (34 vs. 69), NAA (15 vs. 91), Ch/NAA=2.2, small 

lactate peak. Pathology: Diffuse astrocytoma with piloid features, WHO Grade II. 
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(D) (E) (F) 

Fig. (5): A 4-year-old female with abnormal eye movement. (A) Axial T2WI shows an isointense pineal region lesion. (B) 
Contrast-enhanced T1WI shows intense enhancement. (C) DWI shows bright signal. (D) ADC map shows reduced ADC (0.6 x 
10

-3
mm

2
/s vs. 0.8 x 10

-3
mm

2
/s). (E&F) MRS shows increased choline (114 vs. 74), reduced NAA (20 vs. 92), Ch/NAA=5.5, small 

lactate peak. Pathology: Pineoblastoma, WHO Grade IV. 

Discussion 

In this retrospective study of 100 pediatric pa-
tients with brain tumors, we compared the utility 
of DWI-derived ADC values and 1H-MRS me-
tabolite ratios for non-invasive tumor grading, 
benchmarked against WHO histopathological 
classification [1]. Our findings indicate that ADC 
values provide superior accuracy, sensitivity, and 
predictive probability for distinguishing low-grade 
(WHO I-II) from high-grade (WHO III-IV) tumors 
compared to MRS parameters, particularly the Ch/ 
NAA ratio [3,9]. 

The mean ADC in high-grade tumors (0.71±0.19 
x10−3  mm2/s) was significantly lower than in low-
grade tumors (1.508±0.43 x10−3  mm2/s) [15,20], 
reflecting increased cellular density and restricted 
diffusion in aggressive malignancies. This aligns 
with established literature, where reduced ADC  

correlates with higher tumor cellularity and grade 
[4,13]. Using a cutoff of 0.95 x10−3  mm2/s, ADC 
achieved 96.2% probability, 90.9% sensitivity, and 
91% specificity, outperforming prior studies that 
reported ADC sensitivities of 80-85% in adults but 
highlighting its robustness in pediatrics [3,9]. 

MRS analysis revealed significant correla-
tions for several metabolites: Elevated Ch (r=0.59, 
p<0.01) and Ch/NAA (r=0.50, p<0.01) in high-
grade tumors, indicative of membrane turnover 
and neuronal loss, while NAA/Ch showed inverse 
correlation (r=–0.38, p<0.01) [9]. However, the Ch/ 
NAA ratio’s diagnostic probability was lower at 
86%, with poor sensitivity (23%) despite moderate 
specificity (50%), using a cutoff of 7.4 [7,8]. This 
is consistent with earlier reports where MRS aids 
characterization but struggles with heterogeneous 
pediatric tumors [19,20]. 
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When comparing techniques, ADC’s high-
er sensitivity addresses MRS limitations, such as 
voxel placement errors in heterogeneous tumors 
and lower resolution for metabolites like lactate 
(non-significant correlation, r=–0.0) [9,21]. Our 
results showed ADC probability (96.2%) exceed-
ing Ch/NAA (86%) [9,15], with combined use im-
proving grade II vs high-grade accuracy to 91.3% 
[6,11]. This supports multiparametric approaches in 
recent literature, where DWI outperforms MRS in 
time-constrained pediatric scans [22-24]. 

Limitations include the retrospective design, 
potential biopsy-ROI mismatch, and exclusion of 
totally cystic tumors, which may bias toward sol-
id lesions [24,25]. Single-voxel MRS limits spatial 
coverage compared to multivoxel methods, and the 
1.5T field strength may reduce metabolite resolu-
tion [20-25]. Future studies could incorporate ad-
vanced sequences like multiparametric MRI or AI 
for enhanced grading [16,17]. 

In clinical practice, DWI’s short acquisition 
time (1-2 minutes) makes it preferable for pediatric 
patients requiring anesthesia, versus MRS (up to 20 
minutes) [26,27]. Our recommendation: Prioritize 
ADC for initial grading, with MRS as adjunct for 
equivocal cases [28-30]. 
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