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Abstract

Background. In some clinical situations, distinguishing between
cerebellar medulloblastoma and brainstem glioma is important. We
assessed whether diffusion kurtosis imaging (DKI) metrics could
be used to distinguish cerebellar medulloblastomas from brainstem
gliomas in children.

Patients and methods. This prospective study was approved by the
institutional review board. Seventy patients were separated into two
groups according to eventual diagnosis: brainstem glioma (n = 30) and
cerebellar medulloblastoma (n = 40). Both groups underwent brain
magnetic resonance imaging (MRI), including DKI. The Kurtosis value
for the tumor region and the ratio between Kurtosis values between
the tumor and the normal parenchyma (rKurtosis) were compared
between groups using the Mann—Whitney U test. Receiver operating
characteristic curve analysis and the Youden’s Index were applied to
identify a cutoff value for distinguishing between the two tumor types,
and the area under the curve (AUC), sensitivity, and specificity for the
selected cutoff value were calculated.

Results. Compared with brainstem gliomas, cerebellar medul-
loblastomas had significantly higher Kurtosis and rKurtosis values
(p < 0.05). Medulloblastoma could be differentiated from brainstem
gliomas using a Kurtosis value of 0.91 or an rKurtosis value of 0.90,
both of which achieved 100% sensitivity, 96.7% specificity, and AUC
values of 0.990

Conclusions. DKI measurements can contribute to distinguishing
between cerebellar medulloblastoma and brainstem glioma in children.
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Introduction

Brain tumors are the second-most common malignancy
in children, behind acute leukemia. Brain tumors can be
either supratentorial or infratentorial in nature, but infraten-
torial tumors are more common, occurring in approximately
60% of all juvenile brain tumors. Glioma tumors commonly

present in the brainstem region, whereas medulloblastoma
more commonly occurs in the cerebellum'?,
Medulloblastomas can also originate in or invade the
brainstem, resulting in the misdiagnosis of medulloblastoma
as brainstem glioma in early literature'*#. In patients with
medulloblastoma treated with radiotherapy, determining
whether brainstem lesions represent disease relapse or are
new brainstem gliomas can be challenging®. Different pro-
gnoses and treatment plans are needed for these illnesses.
However, distinguishing between these two types of neopla-
sms is essential for ensuring the accurate planning of thera-
peutic approaches for enhanced treatment outcomes',
The classification of different types of brain tumors
often relies on histopathological analysis. However, obtai-
ning surgical biopsies from brain regions is associated with
high risks of morbidity and death. Inadequate intraoperative
microscopic diagnosis occurs in approximately 8% of brain
neoplasm cases. Accurate neuroimaging able to distinguish
tumor types can contribute to improved diagnosis prior to
the start of therapy’. Magnetic resonance imaging (MRI) is
regarded as the safest imaging modality for the identification
of juvenile brain tumors due to its non-invasive nature and
because MRI does not expose the child to ionizing radiation.
Diffusion-weighted imaging (DWI) and diffusion tensor
imaging (DTT) are well-established techniques that are often
applied to the radiological evaluation of brain tumors. Ho-
wever, the staging utility of these diffusion-based sequences
remains suboptimal®. DWI and DTI both assume that water
molecule diffusion is the result of random Brownian motion.
Based on this assumption, the probability distribution fun-
ction (PDF) suggests that a proton’s likelihood of diffusing
between two places during a given time period follows a
Gaussian distribution. The apparent diffusion coefficient in
DTTis derived using a direction-dependent method based on
the standard deviation of the PDF”!°. Although the Gaussian
model used for DWI and DTI is accurate for pure liquids,
these techniques ignore the impacts of environmental factors
in vivo. The complex cytoarchitecture of organic tissues
consists of numerous compartments, cell types, and intracel-
lular components, which can affect the movements of both
water and lipids, which is not considered by the Gaussian

Correspondence: Nguyen Minh Duc, Department of Radiology, Pham Ngoc Thach University of Medicine, Ho Chi Minh City, Vietham
Email: bsnguyenminhduc @pnt.edu.vn. https://orcid.org/0000-0001-5411-1492

Copyright © Societa Editrice Universo (SEU)
ISSN 1972-6007



DKI discriminates glioma and medulloblastoma

21

model used for DWI and DTI. Therefore, the actual PDF
displays non-Gaussian behavior, and the difference betwe-
en the actual PDF and the estimated Gaussian PDF can be
calculated using the dimensionless statistical metric known
as Kurtosis. The degree of directed, non-Gaussian diffusion
can be determined using diffusion kurtosis imaging (DKI),
a unique extension of diffusion tensor imaging (DTI)'"!2,
Microstructural differences between different grades of
gliomas are expected to result in different Kurtosis values,
indicating that the Kurtosis value may represent a more accu-
rate, non-invasive biomarker for glioma staging, although the
actual physiological basis of DKI remains unknown®!3. This
study was conducted whether DKI metrics could be applied
to distinguishing between cerebellar medulloblastoma and
brainstem glioma.

Methods
Patient identification

The Institutional Review Board of Children’s Hospital
02 approved this prospective study (Ref: 352/ND2-CDT).
Written informed consent was received from authorized
guardians of all patients prior to performing the MRI scans.
This study was performed at Children’s Hospital 02 from
February 2019 to February 2021. Seventy patients were
enrolled in this study, divided into two groups according
to eventual diagnosis, including 30 patients diagnosed with
brainstem glioma and 40 patients diagnosed with cerebellar
medulloblastoma. Brainstem glioma was diagnosed based
on consensus among neuroradiologists and neurosurgeons.
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Cerebellar medulloblastoma was diagnosed according to
the histopathological outcomes of surgical specimens or
biopsies.

Anesthesia process

All patients in this study were required to fast for at
least 6 hours prior to initiating the anesthesia process. The
patient was placed in a supine position on the MRI table.
The physician administered midazolam (Hameln Pharm
GmbH, Germany; 5 mg/ml) intravenously, at a dose of 0.1
mg/kg and 1% propofol (Fresofol, Fresenius Kabi GmbH,
Austria; 10 mg/ml), at a dose of 3 mg/kg.

MRI procedure

In this study, all patients were scanned with a 1.5 Tesla
MRI machine (Multiva, Philips, Best, The Netherland)
and assessed using the DWI sequence, with the following
parameters: repetition time (TR): shortest; echo time (TE):
shortest; flip angle: 90 degrees; slice thickness: 5 mm; gap:
1 mm; field of view: 230 mm x 230 mm; matrix: 144 mm X
90 mm; plane: axial; number of Acquisitions: 2; b values: 0,
25, 50, 100, 200, 1000, and 1500; duration: 3.43 minutes.

Clinical data

The Advanced Diffusion Analysis mode, available in the
Philips Intellispace Portal, version 11, was used to analyze
defined regions of interest (ROIs) in tumor tissues and the
adjacent, normal-appearing parenchyma for the calculation
of Kurtosis values (Figs. 1 and 2). This study used a single-

Fig. 1. A 6-year-old male patient with a tumor located in the pons, which was diagnosed as a brainstem glioma. DKI was analyzed by dra-
wing ROIs within the tumor region (blue ROI) and within the normal parenchyma (orange ROI). The Kurtosis values for the tumor and the

parenchyma were 0.23 and 1.17, respectively.
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Fig. 2. An 8-year-old male patient with a tumor inside the fourth ventricle, which was confirmed to be medulloblastoma following surgery.
DKl was analyzed by drawing ROIs within the tumor region (blue ROI) and within the normal parenchyma (orange ROI). The Kurtosis values

for the tumor and the parenchyma were 1.60 and 0.92, respectively.

ROI analysis performed in an unblinded manner. The ratio
between the Kurtosis values of the tumor and the adjacent
parenchyma was calculated by dividing the signal intensity
obtained from the tumor ROI by the signal intensity obtai-
ned from an ROI placed in the adjacent, normal-appearing
parenchyma. The tumor to parenchyma Kurtosis value is
referred to as the rKurtosis value.

Statistical analysis

SPSS software version 26 (IBM Corp, Armonk, New
York, USA) was used for statistical analysis. Quantitative
variables are presented as the median and interquartile range.
We compared quantitative variables using the Mann—Whit-
ney U test. Receiver operating characteristic (ROC) curve
analysis and Youden’s Index were used to evaluate the cutoff
point for distinguishing between tumor types and to calculate
the area under the curve (AUC), sensitivity, and specificity
when the selected cutoff point was applied. Differences were
considered significant for p-values < 0.05.

Results

A total of 70 patients were divided into two groups,
including 30 (42.86%) patients with brainstem glioma and
40 (57.14%) patients with cerebellar medulloblastoma. The
median ages were 6 years for the brainstem glioma group
and 7 years for the cerebellar medulloblastoma group. The

male:female ratios were 16: 14 for the brainstem glioma
group and 25: 15 for the cerebellar medulloblastoma
group.

As shown in Table 1, the Kurtosis and rKurtosis values
for cerebellar medulloblastoma were significantly higher
than those for brainstem glioma (p < 0.05).

A cutoff Kurtosis value of >0.91 and a cutoff rKurtosis
value of 20.90 was employed to distinguish medullobla-
stomas from brainstem gliomas, which resulted in 100%
sensitivity, 96.7% specificity, and an AUC of 0.990 for both
parameters (Figs. 3 and 4, Table 2).

Discussion

To date, no other studies have employed DKI for the dif-
ferentiation of cerebellar medulloblastoma from brainstem
glioma. Our study found that brainstem glioma and cerebel-
lar medulloblastoma had median Kurtosis values of 0.49 and
1.41 (p < 0.05), respectively, and median rKurtosis values
of 0.48 and 1.30 (p < 0.05), respectively. Cutoff Kurtosis
and rKurtosis values of 20.91 and 20.90, respectively, were
able to distinguish between brainstem glioma and cerebellar
medulloblastoma with sensitivities of 100%, specificities
of 96.7%, and AUC values of 0.990. In two previous meta-
analyses examining the diagnostic value of DKI, the Kurtosis
value was estimated to have pooled AUC values of 0.94 and
0.96 for glioma grading'*".

A meta-analysis conducted by Abdalla et al,'® which
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Table 1. Comparison of basic characteristics between cerebellar medulloblastoma and brainstem glioma

Parameters Brainstem glioma Cerebellar medulloblastoma value
(n =30) (n =40) p
Kurtosis 0.49 (0.29) 1.41 (0.30) < 0.001
rKurtosis 0.48 (0.31) 1.30 (0.48) < 0.001
Values displayed represent the mean (interquartile range)
Table 2. ROC analysis of DTI metrics for the diagnosis of cerebellar medulloblastomas
Parameters Cutoff point AUC Sensitivity Specificity 95% CI
Kurtosis >0.91 0.990 100 96.7 0.970-1.000
rKurtosis >0.90 0.990 100 96.7 0.970-1.000

ROC, receiver operating characteristic; DTI, diffusion tensor imaging; AUC; area under the curve; Cl, confidence interval
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Fig. 3. The receiver operating characteristic curve for the Kurtosis
value.

included 19 studies, found a significant mean difference
of 0.22 (95% confidence interval [CI]: 0.19-0.25) between
the Kurtosis values of high-grade and low-grade gliomas
based on a mean difference analysis of the results from 12
studies!®. These findings are similar to those reported by
Falk Delgado et al'4, who analyzed 10 studies and reported
a significant difference 0.17 (95% CI: 0.11-0.22) in Kurtosis
values of high-grade and low-grade gliomas. In 4 of the 19
studies included in a systematic review, the ability of DKI
to stratify patients according to isocitrate dehydrogenase
(IDH) mutation status based on the 2016 WHO classification
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Fig. 4. The receiver operating characteristic curve for the relative
Kurtosis value

guidelines'>!"?°, These investigations found a significant
difference in Kurtosis values between patients with wild-
type and mutant /DH, indicating that DKI could be used as
a marker for IDH phenotyping.

Despite being associated with various histological types,
according to the 2016 WHO classification guidelines, all
medulloblastomas are classed as grade-IV tumors, which
are considered the most dangerous and have the poorest
prognosis in both children and adults. By contrast, brainstem
gliomas can be graded between II and 1V, and the classifi-
cation parameters can sometimes be debated. In addition,
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children diagnosed with brainstem glioma tend to have a
better prognosis than adults?*?2, The Kurtosis value obtained
using DKI, an extension of DTI, is thought to be influenced
by differences in the tissue microstructure and is considered
proportionate to the heterogeneity and complexity of the tis-
sue microstructure??. DKI has demonstrated effectiveness
in diagnosing infarction, traumatic brain injury, neoplasms,
neurodegenerative illness, and demyelinating disorders®*.
Therefore, DKI may represent a more informative imaging
modality than either DWI or DTI for identifying potential
microstructural changes in tissues and cells.

Extremely cancerous brain tumors, such as medullobla-
stomas, are characterized by rapid cell division and high
density?*?’. Reductions in signal output are associated with
increasing limitations placed on the free passage of water
molecules through inter- and intracellular gaps. Therefore,
although the Kurtosis and rKurtosis values tend to be lar-
ger for medulloblastoma, the diffusion velocity is reduced
in these tumors. By contrast, brainstem gliomas are less
dense??, with fewer restrictions on hydrogen proton tran-
sport in the intercellular regions. As a result, the Kurtosis
and rKurtosis values are lower in brainstem gliomas than
in medulloblastomas, but the diffusion rates associated with
brainstem gliomas are higher®?".

The small sample size and the recruitment of patients
from a single center are two limitations of our study. In
addition, this study did not perform DKI histogram tumor
analysis or examine tumor morphological characteristics.
Additionally, all patients with brainstem glioma were
diagnosed clinically?®?, without the performance of any
histological study, in accordance with our hospital’s tre-
atment guidelines. We recommend additional studies with
larger samples and multicenter involvement to verify our
current findings.

Conclusion

In conclusion, DKI was very useful in distinguishing
between cerebellar medulloblastoma and brainstem glioma.
With AUC values of 0.990, both the Kurtosis and rKurto-
sis values were very effective in differentiating cerebellar
medulloblastoma from brainstem glioma. To confirm our
current findings, additional research with larger sample sizes
and multicenter participation should be conducted.
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