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Background: MRI, which has high sensitivity in brain tumor detection, cannot reliably determine tumor grading or histology.
Diffusion-weighted imaging and apparent diffusion coefficients (ADCs) provide information of tumor cellularity that can
correlate with grading.

Objective: To investigate ADCs in differentiation low-grade from high-grade pediatric brain tumors.

Material and Method: Preoperative MRI, DWI, and ADC images of pediatric patients with pathologically proven brain
tumors were retrospectively reviewed at a university hospital in two-year periods and classified into low-grade and high-
grade categories. Regions of interest were placed manually at the center and periphery of the solid tumor regions, then
ADC values were calculated at “b” values = 0, 1000 sec/mm’.

Results: The ADC values were calculated in 15 patients, which included 12 males and three females with an age range
from three to 14 years. Seven and eight were with low- and high-grade tumors respectively. The ADC values of low-grade
tumors were markedly higher than those of high-grade tumors with statistically significant differences by all methods of
measurements at the central, peripheral, and average areas on Man-Whitney U test, with p-values of 0.037, 0.009, and
0.021, respectively.

Conclusion: MRI with ADCs for preoperative pediatric tumor evaluation may be useful for predicting tendency of tumor

grading and surgical planning.
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Brain tumors are the solid neoplasm in
childhood. They are third to the leukemia and
lymphoma in overall frequency among childhood
cancers, accounting for 7.6 per million”. This
encompass a heterogeneous histopathology.
Conventional, magnetic resonance imaging (MRI)
is a non-invasive anatomical assessment tool for
characterization, localization, and evaluation of tumor
extension. In general, malignant tumors are usually
enhanced after intravenous contrast injection and show
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peritumoral edema whereas benign tumors usually
show faint or no enhancement and peritumoral edema.
However, differentiation between these two types of
tumor may occasionally be difficult. The tumors that
appear similar radiographically may have a very
different histology or biologic behavior®.

Advanced MR imaging techniques-perfusion
imaging, diffusion-weighted imaging (DWI) and MR
spectroscopy (MRS) allow assessment of tissue
characteristics, such as vascular endothelial proliferation,
cellular, and chemical compounds of the mass
respectively, which are the important parameters
in the grading of the brain tumor®. Proton MRS
has been used to characterize tumor grade, has been
correlated with histology, and assists in distinguishing
tumor progression from treatment-related changes®.
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However, there is a considerable overlap among
different tumor types and tumor grades in characterizing
pediatric brain tumors®. In addition, they are time-
consuming for scanning and processing of data and
intratumoral heterogeneity complicates the results.
Perfusion imaging allows noninvasive assessment
of tumor neoangiogenesis and hypervascularity by
measuring regional cerebral blood volume, cerebral
blood flow, and permeability®©. In general, low-grade
gliomas have significantly lower cerebral blood
volume compared to higher-grade gliomas'”. However,
pediatric patients have yielded inconsistent results®.

DWTI is a technique that allows evaluation of
microscopic water diffusion within tissue. The apparent
diffusion coefficients (ADCs) is a measure of the
ability of tissue to restrict water diffusion. DWI and
ADC maps have proven useful in evaluation of
cerebral infarction and distinguishing brain abscess
from brain tumor and arachnoid cyst from epidermoid
tumor®!?. Previous studies showed that ADC values
had been used to grade glioma and to differentiate
some brain tumors in adult and pediatric patients,
though some reported studies demonstrated conflicting
results219),

The purpose of the present study was to
investigate ADC values in term of differentiation
low-grade from high-grade pediatric brain tumors.

Material and Method

The present study was approved by
Ramathibodi Hospital’s Institutional Review Board.
The authors retrospectively reviewed all pediatric
patients (age less than 15 years) with newly diagnosed
brain tumors at a university hospital during consecutive
two-year periods. Preoperative conventional MRI and
diffusion-weighted images of the brain were initially
performed in our institution. Each patient included in
the present study had mass containing solid portion.
The resections were performed at our institution to
confirm histopathologic analysis. Patients who had
preoperative examination at other institutions, who
were treated before imaging, or who had entirely cystic
tumors were excluded.

The specimens were retrospectively confirmed
by a board-certified neuropathologist. Furthermore,
they described the histolopathologic subtypes. He was
blinded to the MR findings and diffusion-weighted
images. The tumors were graded using World Health
Organization (WHO) criteria. All tumors were classified
as benign or low-grade (WHO grade I-IT) and malignant
or high-grade (WHO grade III-1V) categories.

J Med Assoc Thai Vol. 96 No. 2 2013

All patients were examined using a 1.5-
Tesla MR scanner (Signa HDxt; General Electric
Healthcare, Milwaukee, WI, USA) or 3.0-Tesla MR
scanner (Achieva; Philips Medical System, Best,
The Netherlands). Conventional MRI with gadolinium
of the brain was performed in each patient with
protocol that included sagittal non-contrast T1-
weighted, axial fast spin-echo T2-weighted, axial
fluid-attenuated inversion recovery (FLAIR), and
post-contrast enhanced axial, coronal, and sagittal T1-
weighted images. Before the contrast administration
was done, diffusion-weighted images had been
obtained by using an axial echo-planar SE sequence.
The DWI protocol was performed on a 1.5-T system
with following parameters: 6,000/90 (TR/TE); “b”
value of 0, 1000 s/mm?: field of view, 24x24 cm;
matrix 128x128; slice thickness, 5 mm; section gap,
1.5 mm. The DWI protocol was performed on a 3-T
system, consisted of the following parameters:
4,600/86 (TR/TE); “b” value of 0, 1000 s/mm?: field
of view, 24x24 cm; matrix 136x136; slice thickness,

A 8-year-old boy with medulloblastoma.

A) Axial T2-weighted image reveals a hyperintense
right cerebellar and vermian mass.

B) Axial contrast-enhanced T1-weighted image
shows heterogeneous enhancement of the tumor.
C) Apparent diffusion coefficient (ADC) map
reveals hypointensity at the mass, representing
restricted diffusion of water, ROI was placed
(arrow).

D) The photomicrograph of the specimen shows
densely packed cells with round-to-oval shaped
hyperchromatic nuclei surrounded by scanty
cytoplasm, which is typically called small round
blue cell tumor.
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5 mm; section gap, 0 mm. Post-processing of ADC
maps was performed automatically on the MR scanner.

The authors used axial T2-weighted and
contrast-enhanced T1-weighted images to define the
slice to be analyzed and to define enhancing solid
portion from the regions of cyst or necrosis, then
was matched to the ADC maps. ROIs (regions of
interest) were manually positioned at the central and
peripheral regions of the solid portion by trying to avoid
placement in the necrotic or cystic areas. The control
ADC values were obtained by placing ROI in the
normal-appearing white matter in the same image
(Fig. 1). AIADC values were automatically calculated
and expressed in 10° mm?/s. The area of ROI was
approximately 36 to 40 mm?. The radiologist placing
ROIs was blinded to the tumor histology.

Comparison of obtained normal brain and
tumor ADC values between the two groups were
performed with Man-Whitney U test. The differences
were considered statistically significant at p-value less
than 0.05.

Results
Fifteen patients were enrolled in the present
study. There were 12 male (80%) and four female

(20%) patients. The mean age was 8.3£3.6 years with
a range of three to 14 years. The demographic data,
tumor histology, location, WHO grading and ADC
values are summarized in Table 1.

Seven patients had pathologically proved
low-grade brain tumor and eight patients had high-
grade brain tumor according to WHO classification.
The locations of the tumors were infratentorial in nine
patients, and supratentorial in six patients. The normal
appearing brain ADC values among the patients with
low-grade (range 0.72-0.89 x10* mm?/s) and high-
grade (range, 0.66-1.04 x10* mm?/s) tumors were not
significantly different (p = 0.202) (Table 2). The ADC
values for the low-grade brain tumors obtained by using
center-ROI, peripheral ROI and average ROI ranged
from 1.23-1.99 x107 mm?/s, 0.90-1.96 x10~ mm?/s and
1.10-1.98 x10* mm?/s, respectively. The ADC values
for the high-grade brain tumors obtained by using
center-ROI, peripheral ROI and average ROI ranged
from 0.54-2.39 x10° mm?/s, 0.65-1.26 x10~ mm?/s and
0.60-1.67 x10°* mm?/s, respectively. The median ADC
values among the low-grade brain tumors obtained by
using center-ROI, peripheral ROI and average ROI
were 1.58, 1.30, and 1.50x10~ mm?/s, and interquartile
range were 0.64, 0.66, and 0.69x 10 mm?/s, respectively.

Table 1. Demographic data, tumor histology, WHO grade, location and apparent diffusion coefficient (ADC) values of

tumors and normal appearing brain

Patient No. Tumor histology WHO Location ADC tumor ADC tumor ADC tumor ADC of
age/sex grade core periphery average  normal brain
1. 10y/F JPA Low  Cerebellum 1.50 1.30 1.40 0.82

2. TylF SEGA Low  Lateral ventricle 1.94 1.75 1.85 0.72

3. 3y/M  Meningioma Low  Frontal lobe 1.30 0.90 1.10 0.79

4. 3y/M  Ependymoma Low  Fourth ventricle 1.23 1.09 1.16 0.73
5. 10yM JPA Low  Cerebellum 1.80 1.19 1.50 0.87

6. 6y/M  Ganglioglioma Low  Frontal lobe 1.99 1.96 1.98 0.85

7. T7y/M  Astrocytoma Low  Pons 1.58 1.47 1.53 0.89

8. 8y/F AA High Parietal lobe 2.39 0.95 1.67 0.77
9. 8yM GBM High  Pons 1.28 0.90 1.09 0.78
10. 12y/M  Germinoma High  Basal ganglion 0.69 0.75 0.72 0.66
11. 5y/M  Medulloblastoma High Cerebellum 1.26 1.04 1.15 0.79
12. 14y/M  PNET High  Temporal lobe 1.24 1.26 1.25 1.04
13. 6y/M  Medulloblastoma High Cerebellum 0.54 0.65 0.60 0.82
14. 9y/M  Medulloblastoma High  Cerebellum 0.81 0.80 0.81 0.71
15. 10y/M  GBM High  Pons 0.76 0.73 0.75 0.70

ADC values were expressed in x10° mm?/s.

JPA = juvenile pilocytic astrocytoma; AA = anaplastic astrocytoma; SEGA = subependymal giant cell astrocystoma;
PNET = primitive neuroectodermal tumor; GBM = glioblastoma multiforme
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The median ADC value among high-grade tumors
obtained by using center-ROI, peripheral ROI and
average ROI were 1.03, 0.85, and 0.95x10° mm?/s
and interquartile range were 0.57, 0.28, and 0.50 and
x103 mm?/s, respectively (Fig. 2-4). There are
statistically significant differences in the median
ADC values in all measurements among the two
tumor groups (p=0.037,0.009 and 0.021, respectively)
(Table 2). In addition, there is statistically significant
difference in median ADC values of both brain
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Fig.2  Box plots comparing ADC values of patients
with low-grade (n = 7) to high-grade brain tumors
(n = 8). The horizontal line indicates the median,
and the box indicates the interquartile range. The
ADCs were measured at the center of the tumor.
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Fig.4  Box plots comparing averaged ADC values of

patients with low-grade (n = 7) to high-grade brain
tumors (n = 8). The horizontal line indicates the
median, and the box indicates the interquartile
range.
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tumor groups and normal appearing brain (p = 0.002)
(Fig. 5).

Discussion

Diffusion-weighted imaging (DWI) is a
technique that exploits the molecular mobility of water
molecules within the tissue. Diffusion is a property
related to cellularity because free water diffusivity is
restricted by an increased number of cells. The greater
is the cellularity impeding water mobility, the more
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Fig.3  Box plots comparing ADC values of patients
with low-grade (n = 7) to high-grade brain tumors
(n=28). The horizontal line indicates the median and
the box indicates the interquartile range. The ADCs
were measured at the periphery of the tumors.
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Fig.5  Box plots comparing averaged ADC values of

patients with low-grade (n =7) to high-grade brain
tumors (n = 8) and normal appearing brain (n= 15).
The horizontal line indicates the median, and the
box indicates the interquartile range.
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Table 2. Statistically significant difference of ADC values among tumors and normal appearing brain

Parameter Low-grade tumor High-grade tumor p-value
Median Interquartile Median Interquartile

ADC tumor core 1.58 0.64 1.03 0.57 0.037

ADC tumor peripheral 1.30 0.66 0.85 0.28 0.009

ADC tumor average 1.50 0.69 0.95 0.50 0.021

ADC of normal WM 0.82 0.14 0.78 0.11 0.202

ADC values were expressed in x10° mm?/sec

restricted is the movement. Diffusion-based images
can be displayed as DWIand ADC map. The ADC value
is a measure of the ability of tissue to restrict water
diffusion. In DWI, areas with restricted diffusion shows
hyperintense, whereas ADC values become smaller.
In the present study, the authors have
expanded the study to measure ADC values in
different histologic subtypes, locations and grading of
pediatric brain tumors and classified into low-grade
and high-grade categories. The ADC values were
abnormally distributed. Therefore, the median and
interquartile ranges were used to substitute mean and
standard deviation (SD). The averaged median ADC
values of the low-grade brain tumors were markedly
higher than those of high-grade brain tumors with
statistically significant differences in all methods of
measurements. The findings of the present study were
similar to the previously published reports that have
demonstrated that brain neoplasm with higher
cellularity or total nuclear area shows a significant
reduction in ADCs and a markedly increased signal
on DWIU2, ADC values are inversely correlated
with tumor grade, i.e. low-grade tumors have higher
ADCs than high-grade tumors, especially astrocytic
tumor*!9, ADC values can be helpful for differentiation
of some brain tumors in specific locations, such as
glioblastomas from lymphomas, meningiomas from
schwannomas, and common pediatric cerebellar
brain tumors as juvenile pilocytic astrocytoma from
medulloblastoma or ependymoma‘*!9, However,
Kono et al'” showed that ADC values could not be
used in individual cases to differentiate tumor subtypes
reliably. In the present study, the authors found that
50% of the ADC values from the tumor of each group
were not overlapped. However, if we looked for the
distribution differences, we could see some overlap
between two tumor groups. A reason may be that the
brain tumors appear heterogeneous. ROIs could not be
precisely placed at the solid tumor portion and small
necrotic portions of high-grade tumors which ADC
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values can be significantly higher leading to lower
estimation of cellularity.

At present, diffusion-tensor imaging (DTI) is
an adaptation of DWI, which is a more sophisticated
quantitative form of diffusion imaging. In DTI, DWI
data are acquired in at least six directions, not only an
absolute measure of average water diffusion in each
voxel (ADC) but also a measure of water diffusion
along different axis (diffusion anisotropy). Therefore,
DTT allows for visualization of the location, orientation,
and integrity of white matter tracts in the brain. DTI
gives better definition of the relationship between
tumor, peritumoral changes, and white matter tracts than
standard pulse sequence'®29. However, the resolution
is limited. Furthermore, only larger pathways can be
identified®?. In addition, DTI requires additional
post-processing steps.

A limitation of the present study included
the small number of patients because the tumors of the
central nervous system are relatively uncommon in
children. Moreover, not all children were referred to a
university center and some of them had preoperative
examinations at other institutions.

Conclusion

Apparent diffusion coefficients between
low-grade and high-grade pediatric brain tumors are
statistically significantly different, although some
overlapping occurs. ADC value measurements are
simple, less time consuming and readily available
techniques in commercial MR scanner. Tumor
characteristics on conventional MR imaging with
adjunctive information of ADC values might play a
preoperative guideline in predicting the tendency of
the tumor grading and surgical planning.
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