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Abstract 

Background:  Central nervous system neoplasms are a primary cause of mortality and one of the most frequent 
solid tumors in children. Magnetic resonance imaging (MRI) plays a key role in the diagnosis and treatment response 
of pediatric brain tumors as well as providing us with functional information regarding cellularity, metabolism, and 
neoangiogenesis. This study aimed to evaluate the contributional role of susceptibility-weighted imaging (SWI) and 
diffusion weight imaging (DWI) in pediatric brain tumor grading by assessing the intratumoral susceptibility signals 
(ITSS), apparent diffusion coefficient (ADC), and relative ADC (rADC).

Results:  A significant correlation was noted between the (ITSS) score and the brain tumor grade (P < 0.001) with a 
descending trend in the low-grade tumor (ITSS score 0 = 14/29, score 1 = 11/29, and score 2 = 4/29) and an ascend-
ing trend in the high-grade tumor (ITSS score 0 = 4/41, score 1 = 9/41 and score 2 = 22/41). No embryonal tumor 
showed an ITSS score of 0. Apparent diffusion coefficient sensitivity and specificity were 82.9% and 82.8%, respec-
tively, while rADC sensitivity and specificity were 91.4% and 86.2%, respectively. For high-grade tumors, the ITSS score 
2 had a significant positive prediction (P = 0.009) and the rADC value had a significant negative prediction (P = 0.031).

Conclusions:  Susceptibility-weighted imaging ITSS score, ADC, and rADC have a promising role in preoperative pedi-
atric brain tumor grading and should be considered as complementary sequences to routine MRI studies.
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Background
Magnetic resonance imaging (MRI) has a crucial pre-
operative role in intracranial tumors as regards detec-
tion, grading, putting a differential diagnosis, guiding for 
biopsy as well as in treatment decision planning [1]. The 
most frequent solid tumors in the pediatric age-group are 
brain neoplasms with a five-year survival rate of 73.6% 
among children under 18  years old, depending on the 

genetic, molecular, and histologic characteristics of the 
tumor [2].

High-grade brain lesions are treated differently than 
low-grade lesions, hence the importance of grading the 
lesion accurately for proper therapy and for assessing the 
prognosis [3]. Stereotactic biopsy is commonly taken to 
help differentiate between both; however, pathologic 
microvascularity is not uniform within the lesion and the 
biopsy taken does not include all portions of the malig-
nant tumor (4). Susceptibility-weighted imaging is an 
important noninvasive tool that can assess the internal 
architecture and degree of microvascularity of the whole 
lesion using intratumoral susceptibility signals (ITSS) [5]. 
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ITSS is defined as low-signal-intensity dot-like or linear 
structures confluent or non-confluent within the tumor 
and not obvious on the conventional MR images [6]. The 
role and capabilities of SWI in pediatric brain tumors 
have barely been evaluated with only one study assessing 
the true value of ITSS in the young age-group [7].

Susceptibility-weighted imaging has the unique abil-
ity to detect differences in tissue susceptibility, easily 
enhancing the contrast between vessels and adjacent 
brain parenchyma. To create a strong enhanced image, 
phase images are combined with magnitude images, 
thereby enabling the identification and differentiating 
between calcifications, neoangiogenesis, and microhem-
orrhages within the tumor [8, 9].

Pathological criteria for grading tumors include not 
only vascularity but also cellularity and degree of cellu-
lar proliferation; therefore, the combination of different 
imaging modalities can provide us with complementary 
information and increase the diagnostic accuracy (10). 
The degree of tumor cellularity has been correlated with 
the apparent diffusion coefficient (ADC) value [11]. The 
apparent diffusion coefficient is derived from diffusion-
weighted imaging (DWI), which detects microscopic 
changes in the tumor and provides an idea of the move-
ment of intracellular and extracellular water molecules in 
biological tissue. ADC is negatively correlated with the 
degree of proliferation and cell density [12–14]. Relative 
ADC, on the other hand, is measured as the ratio of ADC 
values between the solid portion of the tumor and adja-
cent normal-appearing white matter or the contralateral 
white matter [15].

The aim of this study was to evaluate the usefulness and 
added value of ITSS score, ADC, and r ADC in the pre-
operative grading of pediatric brain tumors.

Methods
Patients
This prospective study was conducted in our institution 
from October 2020 to September 2021, following ethical 
committee approval and with written informed consent 
taken from the children’s guardians. The study included 
64 children who underwent brain MRI study with SWI 
and DWI. There were 35/64 (54.7%) males and 29/64 
(45.3%) females, with a median age of 10 years (range 0.5 
to 17 years). Astrocytoma, neuronal and mixed glioneu-
ronal tumors, embryonal tumors, ependymoma, and a 
few other tumors were the five groups of low and high-
grade brain tumors that were identified and confirmed by 
neuropathologists according to the World Health Organ-
ization classification of tumors of the central nervous sys-
tem 2016. Each group contained a variety of tumor types 
and grades, ranging from low- to high-grade lesions.

Exclusion criteria included children with a history of 
surgery/prior excision or local treatment or those who 
received radiotherapy or chemotherapy before MRI. 
Also, those with a contraindication to MRI, e.g., metallic 
implant, or cannot be given IV contrast (gadopentetate 
dimeglumine) as those with allergy or renal impairment. 
Inclusion criteria were children in stable clinical condi-
tion without any known contraindications to MR imag-
ing or intravenous application of standard MR imaging 
contrast agents.

Technique of MRI
The MRI study was carried out on a 1.5  T machine 
(Philips Ingenia) with a dedicated head coil. If the patient 
was old enough, he or she was asked to lie supine, head-
first, and to breathe quietly. Thirty-two patients in this 
study were given sedative medications; their vital signs 
were monitored throughout the procedure. Contrast-
enhanced MRI examination was done for all patients 
which included axial T1WI, T2WI, FLAIR, and post-
contrast axial, sagittal, and coronal T1 WI sequences 
with 230 × 182  mm FOV, 5  mm slice thickness. T1WI: 
(TR/TE: 450/12), T2WI: (TR/TE: 3500/100), FLAIR: (TR: 
9000, TE: 120). DWI was performed using a single-shot 
echo-planar imaging sequence with the following param-
eters: TR/TE: 3960/115 ms, 2 number of excitations, flip 
angle = 90˚, and 5  mm slice thickness. ADC maps were 
generated from DWI (b value 0 and 1000  s/mm2). SWI 
parameters were as follows: TR/TE 52/12 ms, flip angle 
10°, slice thickness 2 mm, and matrix 256 × 256. A mini-
mum intensity projection (minIP) image was used to 
display the combined processed data using contiguous 
sections of thickness 16  mm using 8 contiguous 2  mm 
slices in the axial plane.

Image analysis
The MR system’s SWI post-processing software was used 
to generate corrected-phase and magnitude images. The 
susceptibility effects were identified on the magnitude 
images as foci of hypointensity in the tumor, and in this 
study, the ITSS was referred to as both hemorrhagic and 
hypervascular tumor components appearing as dot-like 
or linear foci. Calcific foci were identified as bright foci in 
the phase images and were subsequently subtracted from 
the total number of ITSS. The SWI images were indepen-
dently interpreted by two neuroradiologists with 7 and 
10 years of experience (ME, NH, respectively) blinded to 
the histopathological results. ITSS score was evaluated 
as follows: 0; no ITSS, 1; 1 to 10 ITSS and 2; more than 
10 ITSS [16–18]. In cases of disagreement between both 
readers, the final ITSS score was reached by consensus.

The ADC value was determined by placing regions 
of interest (ROI) over the solid portion of the tumor in 
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the generated ADC maps, avoiding cystic, necrotic, and 
hemorrhagic regions. rADC was calculated as the ratio of 
the solid portion of the tumor’s ADC to the contralateral 
normal white matter.

Statistical analysis
Data were analyzed using Statistical Package for Social 
Science (IBM Corp. Released 2017. IBM SPSS Sta-
tistics for Windows, Version 25.0. Armonk, NY: IBM 
Corp.). Parametric quantitative data were expressed 
as mean ± standard deviation (SD). Median and range 
were used to report the nonparametric quantitative data. 
Qualitative data were described as frequency and per-
centage. Kendall’s tau b (τb) test was used to measure 
the strength and direction of association (trend) between 
ITSS score and brain tumor grade. Independent samples 
t test was used to compare the means of ADC and rADC 
in low and high-grade tumor groups. Intraclass correla-
tion (ICC) was used to determine the inter-reader agree-
ment of continuous variables. The inter-reader agreement 
of the categorical variables was determined using Cohen’s 
kappa coefficient (K). Receiver operator characteristic 
(ROC) curve analysis was performed to determine the 
optimal cutoff value. Multinomial logistic regression 
models using enter method were reconstructed to specify 
the optimal predicting variables for high-grade tumors. P 
value < 0.05 was considered statistically significant.

Results
The current study included 64 children, 35/64 (54.7%) of 
whom were males and 29/64 (45.3%) were females, with 
a median age of 10 years (range 0.5 to 17 years). Out of 
the 64 patients 29 (45.3%) were low-grade tumors and 35 
(54.7%) were high-grade tumors, which were divided as 
follows: 33 astrocytomas, 12 embryonal tumors, 11 neu-
ronal and mixed glioneuronal tumors, 6 ependymomas, 
and 2 other tumors (one germinoma and one choroid 
plexus carcinoma). In terms of tumor location, 41/64 
(64.1%) were supratentorial and 23 (35.9%) were infraten-
torial. Forty-two out of 64 (65.6%) were off-midline 
tumors and 22 (34.4%) were midline (Table 1).

Table 1  Demographic and radiological data of the study 
population

a Median (range)
b Number (%)

Age (year)a 10 (0.5–17)

Genderb

 Female 35 (54.7%)

 Male 29 (45.3%)

Tumor gradeb

 Low-grade 29 (45.3%)

 High-grade 35 (54.7%)

Histopathological tumor subgroupb

 Astrocytomas 33 (51.6%)

 Embryonal tumor 12 (18.7%)

 Neuronal and mixed glioneuronal tumor 11 (17.2%)

 Ependymomas 6 (9.4%)

 Other 2(3.1%)

Localizationb

 Supratentorial 41 (64.1%)

 Infratentorial 23 (35.9%)

Localizationb

 Midline 22 (34.4%)

 Off-midline 42 (65.6%)

Table 2  Correlation of ITSS score with different brain locations 
and subgroups

N = number

*Significant
a Kendall’s tau b

Tumor group (N) ITSS τba P

0 1 2

All tumor (64) 0.496 < 0.001*

 Low grade 14 (48.3%) 11 (37.9%) 4 (13.8%)

 High grade 4 (11.4%) 9 (25.7%) 22 (62.9%)

Supratentorial 
(41)

0.451 0.002*

 Low grade 9 (45%) 8 (40%) 3 (15%)

 High grade 3 (14.3%) 5 (23.8%) 13 (61.9%)

Infratentorial (23) 0.571 0.005*

 Low grade 5 (55.6%) 3 (33.3%) 1 (11.1%)

 High grade 1 (7.1%) 4 (28.6%) 9 (64.3%)

Off-midline (42) 0.496 0.001*

 Low grade 8 (42.1%) 8 (42.1%) 3 (15.8%)

 High grade 2 (8.7%) 6 (26.1%) 15 (65.2%)

Astrocytoma (33) 0.425 0.011*

 Low grade 9 (47.4%) 7 (36.8%) 3 (15.8%)

 High grade 2 (14.3%) 4 (28.6%) 8 (57.1%)

Neuronal and 
mixed glioneu-
ronal tumor (11)

0.462 0.125

 Low grade 5 (50%) 4 (40%) 1 (10%)

 High grade 0 0 1 (100%)

Embryonal (12) – –

 Low grade – – –

 High grade 0 4 (33.3%) 8 (66.7%)

Ependymoma (6) – –

 Low grade – – –

 High grade 1 (167%) 1 (16.7%) 4 (66.7%)

Other (2) – –

 Low grade – – –

 High grade 1 (50%) 0 1 (50%)
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In general, a significant strong association between the 
ITSS score and the tumor grade (τb = 0.496, P < 0.001) 
was noted with a descending trend in the low-grade 
tumor (ITSS score 0 = 14/29, score 1 = 11/29, and score 
2 = 4/29), ad an ascending trend in the high-grade tumor 

(ITSS score 0 = 4/41, score 1 = 9/41 and score 2 = 22/41). 
A similar strong trend was also noted in the supraten-
torial, infratentorial, off-midline, and midline tumors 
(τb = 0.451, 0.571, 0.496, and 0.505, respectively, P < 0.05) 
(Table 2).

Fig. 1  Distribution of ITSS score in different pediatric brain tumor types. GB = glioblastoma, ATRT = atypical teratoid rhabdoid tumor, 
DNET = dysembryoplastic neuroepithelial tumor
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Among the astrocytoma groups, there was still a sig-
nificant strong association between low-grade tumors 
and ITSS 0 and 1 and a strong association between high-
grade tumors and ITSS score 2 (τb = 0.425, P < 0.011). 
On the other hand, no significant association was noted 
between the different grades of neuronal and mixed gli-
oneuronal tumor and ITSS score (P = 0.125) (Table 2).

Pilocytic astrocytoma was either ITSS score 0 (4/6) or 
score 1 (2/6) and glioblastoma (GB) was score 2 (3/4) 
or score 1 (1/4). Score 0 was never seen in embryonal 
tumors, as medulloblastoma was either score 2 (6/10) 
or 1 (4/10) and both atypical teratoid rhabdoid tumor 
(ATRT) and central neuroblastoma were score 2. Epend-
ymoma was either a score 2 (3/4) or a score 1 (1/4). Fig-
ure  1 shows the different brain tumor types and their 
associated ITSS scores.

The mean value of the ADC and rADC for the high-
grade tumors was significantly lower than that of the low-
grade tumors (P < 0.001) (Table 3), and the optimal cutoff 
value of the ADC for identification of high-grade tumor 
was 1.15 × 10–3 mm2/s (AUC = 0.910 95% CI 0.0.840–
0.981, P < 0.001) with an ADC sensitivity and specificity 
of 82.9% and 82.8%, respectively, while the optimal rADC 
cutoff value was 1.375 (AUC = 0.925, 95% CI 0.860–
0.989, P < 0.001), with sensitivity and specificity of 91.4% 
and 86.2%, respectively (Table 4; Fig. 2).

An almost perfect inter-reader agreement was noted 
for the ITSS grade (K = 0.88, 95% CI 0.781–0.980, 
P < 0.001), ADC (ICC = 0.994, 95% CI 0.990–0.996, 
P < 0.001), and rADC (ICC = 0.995, 95% CI 0.993–
0.997, P < 0.001).

A significant multinomial logistic regression model 
(P 0.001) involving ITSS score, ADC, and rADC was 
reconstructed with a model accuracy of 87.5%. ITSS 
score 2 had a significant positive prediction for high-
grade tumor (B = 3.395), with an odds ratio of 29.812 
(P = 0.009). The rADC value, on the other hand, had 
a negative significant prediction (P = 0.031) for high-
grade tumors (y = 10.193 + (rADC × − 6.211)) (Table 5). 
The relationship between ITSS, ADC, rADC, and tumor 
grade is demonstrated in Figs. 3, 4, 5, 6, and 7.

Discussion
Many studies conducted on adults have shown that 
SWI can be used to evaluate intracranial tumors [19–
21], with SWI detecting intratumoral vascularity and 
hemorrhage better than other MR sequences. It is very 
sensitive in detecting small vessels of the brain as it 
multiplies the phase mask with the magnitude images 
to enhance the venous data [22]. Our study is one of the 
few studies conducted on the pediatric patient group 
involving 64 children with brain tumors with an age 
range from 0.5 to 17  years (median 10  years). To our 
knowledge, one previous retrospective study evaluating 
the ITSS score in the pediatric group was performed 
by Gaudino et al. [7] and enrolled 96 pediatric patients 
with an age range from 1 to 16 years (median 9.6 years).

Among the astrocytoma groups in our study, glioblasto-
mas (GB) were a score 2 (3/4) or a score 1 (1/4). This is in 
agreement with Hsu et al. [16] and Saini et al. [17]; both 
studies concluded that the highest ITSS scores are com-
monly seen with glioblastomas. On the other hand, Aboian 
et al. [23] reported ITSS score 0 in high-grade H3K27M-
mutant diffuse midline gliomas with only two cases show-
ing a score of 2, despite their heterogeneous histologic 
appearance with bleeding tendency and vascularity. Pilo-
cytic astrocytoma (PA) was either score 0 (4/6) or score 1 
(2/6); 2 cases showed a score 2 despite PA being low-grade 
tumors. According to Gaudino et al. [24], these high ITSS 
scores were likely because PAs tend to bleed and display 
abundant vascularity (described as “glomeruloid vessels”).

Gaudino et  al. [7] also reported that no medulloblas-
toma had an ITSS score of 0 and that the majority of 
ependymomas (3/4) had a score of 2. Gupta et  al. [25] 
described a high cerebral blood volume and thus high 

Table 3  ADC and rADC of the low-grade and high-grade tumor

a Independent sample t test

*Significant

Low grade High grade P valuea

Mean ± SD Range Mean ± SD Range

ADC (× 10–3 
mm2/s)

1.38 ± 0.25 0.95–1.9 0.88 ± 0.28 0.4–1.7 < 0.001*

rADC 1.64 ± 0.32 0.9–2.7 0.99 ± 0.32 0.55–1.7 < 0.001*

ADC con-
tralateral

0.85 ± 0.11 0.71–1.05 0.9 ± 0.12 0.7–1.05 0.122

Table 4  Area under the curve and cutoff value of ADC and rADC for identification of high-grade tumor

*Significant

AUC​ 95% CI P value Cutoff value Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)

ADC 0.910 0.840–0.981 < 0.001* ≤ 1.15 82.9 82.8 85.3 80 82.8

rADC 0.925 0.860–0.989 < 0.001* ≤ 1.375 91.4 86.2 88.9 89.3 89.1
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perfusion and vascularization in ependymomas, thus the 
cause of multiple hypointense foci on SWI. In our study, 
medulloblastomas were either scored 2 (6/10) or 1 (4/10), 
while ATRT and central neuroblastoma were scored 2. 
Five cases of ependymoma were examined; 3 of which 
were a score 2 and one case a score 1, with only one case a 
score 0. The sample size was small, giving no explanation 
for this single case with score 0.

In our study, the ITSS score correlated relatively well 
with tumor grading within the category of mixed gli-
oneuronal tumors. ITSS scores 0 and 1 were seen in 
5/11 and 4/11 of the cases of the mixed glioneuronal 
tumors, respectively, with the exception of one low-
grade and one high-grade central neurocytoma that 
had ITSS score of 2. Gaudino et  al. (7) results did not 
correlate well, with a score of 2 assigned to 4/24 cases 
presenting with a variety of MRI features with varia-
tions in intratumoral bleeding. However, their experi-
ence with SWI in the assessment of DNET showed a 
high performance with an ITSS score of 0 which cor-
relates well with their benign behavior.

We reported a single choroid plexus carcinoma case 
with an ITSS score of 2. However, in a study done by Lin 
et al. [26], SWI could not detect the signs of malignancy 
that characterized high-grade choroid plexus carcinomas 
as frequent invasion, necrosis, increased cellular density, 
and pleomorphism. This also is in keeping with a study 
done by Gaudino et al. [7] where an ITSS score of 2 was 
assigned to two papillomas and one carcinoma.

Our study revealed ITSS scores 1 and 2 in several low-
grade tumors in the pediatric population despite the fact 
that many studies have shown that SWI high-grade glio-
mas in adults showed significantly higher ITSS scores 
than in low-grade gliomas or even the absence of ITSS in 
low-grade gliomas [1, 6, 15, 20].

In general, our prospective study showed a significant 
strong correlation between the ITSS score and the brain 
tumor grade (P < 0.001) with an ITSS score descending 
trend in the low-grade tumors (ITSS score 0 = 14/29, 
score 1 = 11/29, and score 2 = 4/29) and an ascending 
trend in the high-grade tumors (ITSS score 0 = 4/41, 
score 1 = 9/41, and score 2 = 22/41).

Another factor other than the microvasculature con-
tribution to the malignancy of tumors is cell density and 
degree of cellularity, with restricted diffusion favoring 
malignancy [27]; thus, we combined ADC and rADC in 
our study. The optimal cutoff value of the ADC for the 
identification of high-grade tumors was 1.15 × 10–3 mm2/s, 
while the optimal rADC cutoff value was 1.375. The mean 
value of the ADC and rADC for the high-grade tumors was 
significantly lower than the low-grade tumors (P < 0.001) 
which revealed sensitivity of 82.9% and 91.4%, respectively, 
and specificity of 82.8% and 86.2%, respectively.

Fig. 2  Receiver operating characteristic (ROC) curve. A Receiver 
operating characteristic (ROC) curve of ADC. B Receiver operating 
characteristic (ROC) curve of rADC

Table 5  Multinomial logistic regression model for predicting 
high-grade tumor

95% CI = 95% confidence interval

*Significant

Odds ratio 95% CI P value B

Intercept 26,719 – 0.002* 10.193

ITSS (1) 0.691 0.085–5.652 0.730 − 0.369

ITSS (2) 29.812 2.297–386.896 0.009* 3.395

rADC 0.002007 0.000–0.563 0.031* − 6.211

ADC 0.120 0.001–26.794 0.442 − 2.119
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Fig. 3  A 10-year-old male child with posterior fossa medulloblastoma. A Axial FLAIR and B T2 WI show mass in the fourth ventricle of high signal. 
C Axial DWI and D ADC show diffusion restriction with low ADC value measuring 0.55 × 10–3 mm2/s. E Axial pre-contrast T1WI shows low signal. F 
Axial post-contrast T1WI shows mild enhancement. G SWI shows more than 10 foci of hypointense signal (ITSS score 2)
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Fig. 4  A 12-year-old female child with left parietal low-grade glioma. A Axial FLAIR and B T2WI show high signal left parietal cortical 
space-occupying lesion. C Axial DWI and D ADC show no diffusion restriction with high ADC value measuring 1.47 × 10–3 mm2/s. E Axial 
pre-contrast T1WI shows low signal. F Axial post-contrast T1WI shows no enhancement. G SWI shows absent hypointense signal foci (ITSS score 0)



Page 9 of 13Abdelrahman et al. Egypt J Radiol Nucl Med          (2022) 53:214 	

Fig. 5  A 16-year-old male child with central neurocytoma. A Axial FLAIR and B T2WI show high signal space-occupying lesion based on the septum 
pellucidum causing obstructive hydrocephalus. C Axial DWI and D ADC show diffusion restriction with low ADC value measuring 0.95 × 10–3 mm2/
s. E Axial pre-contrast T1WI shows isointense signal. F Axial post-contrast T1WI shows mild enhancement. G SWI shows more than 10 foci of 
hypointense signal (ITSS score 2)
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Fig. 6  A 5-year-old female child presenting with high-grade supratentorial ependymoblastoma. A Axial FLAIR and B T2WI show right high frontal 
space-occupying lesion of bright signal. C Axial DWI and D ADC show a rim of restricted diffusion with low ADC value measuring 0.99 × 10–3 mm2/s. 
E Axial T1WI shows low signal mass. F Axial post-contrast T1WI shows rim enhancement with mural nodule along its lateral border. G, H SWI shows 
prominent vascularity particularity along its lateral aspect with more than 10 foci of hypointense signal (ITSS score 2)
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Fig. 7  Twelve-year-old female children presenting with anaplastic astrocytoma. A Axial FLAIR shows right temporal space-occupying lesion of 
intermediate signal. B Axial DWI and C ADC show diffusion restriction with low ADC value measuring 0.99 × 10–3 mm2/s. D SWI shows prominent 
vascularity with more than 10 foci of hypointense signal (ITSS score 2). E Axial T1WI shows low signal mass. F Axial post-contrast T1WI shows 
peripheral enhancement
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A study done by Xu et  al. [15] assessing and grading 
gliomas used a threshold value of 1.497 for rADC with 
sensitivity and specificity of 86.2% and 85%, respectively, 
for determining high-grade gliomas. Bulakbasi et al. [28] 
concluded that ADC is significantly different between 
low-grade gliomas and high-grade gliomas. On the other 
hand, results by Castillo et al. [11] and Wu CC et al. [29] 
showed that the tumors diffusion is affected by other 
several factors such as tumor necrosis, sizes of pores 
in extracellular spaces, surrounding vasogenic edema, 
and not only tumor cell density; thus, differentiation 
between gliomas should not be based solely on the ADC 
or rADC.

ITSS score 2 was a positive predictor of high-grade 
tumors in our study, with an odds ratio of 29.812. In con-
trast, the rADC value was a negative predictor for high-
grade tumors (y = 10.193 + (rADC × −  6.211)). Adding 
SWI and DWI to the conventional MRI study will help 
with tumor grading. Radiological grading of tumors using 
conventional and contrast-enhanced sequences alone 
is prone to errors, necessitating the addition of other 
parameters to supplement proper tumor grading and 
assist surgeons in targeting tumor tissues with the high-
est degree of malignancy for proper surgical biopsy. We 
recommend further clinical studies to be done to inves-
tigate the usefulness of MRI advanced sequences that are 
normally included in adult brain tumors protocol imag-
ing to assess their role in pediatric brain tumor imaging 
and combining sequences such as SWI, DWI, and perfu-
sion imaging studies.

Limitation
The potential limitations of this study included the small 
sample of patients and the higher number of high-grade 
lesions as compared to those of low-grade lesions. The 
tumor pathologies were also not equally distributed.

Conclusions
Susceptibility-weighted imaging, apparent diffusion coef-
ficient (ADC), and relative ADC (rADC) are applicable 
sequences that can be easily used nowadays for non-
invasive preoperative pathological grading of pediatric 
brain tumors, hence assisting the surgeon and oncolo-
gist for proper treatment planning. ITSS score 2 was a 
positive predictor of high-grade tumors in our study. We 
recommend further studies that include MRI combined 
sequences as SWI with perfusion imaging studies.
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