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Introduction

Central nervous system tumors in children, including supra-
tentorial and infratentorial tumors, are the second-most
prevalent types of cancer, after hematological malignancies.
Tumorsmost commonly occur in the infratentorial area, with

60% of all pediatric brain tumors being found in this location.
Themost prevalent type of tumor in the brain stem is diffuse
intrinsic pontine glioma (DIPG), whereas ependymoma is
most commonly located in the fourth ventricle.1,2

Kasliwal and Agrawal noted that one patient had an
ependymoma-consistent posterior fossa tumor. However, a
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Abstract Distinguishing the fourth ventricular ependymoma from diffuse intrinsic pontine glioma
(DIPG) is essential to improve the treatment strategy between these two tumor types. We
attempted to evaluate the effects of applyingapparent diffusion coefficient (ADC) values to
the distinction between pediatric fourth ventricular ependymomas and DIPGs. Brain
magnetic resonance imaging, includingdiffusion-weighted imagingandADC,was assessed
in 26 patients, who were divided into two groups: group 1 included 8 patients with fourth
ventricular ependymoma and group 2 included 18 patients with DIPG. The Mann–
Whitney U test was utilized to compare tumoral maximum (ADCmax), minimum ADC
(ADCmin), mean ADC (ADCmean), and standard deviation (ADCsd) values, and the ratios
between the tumor and parenchyma values for each of these parameters (rADCmax,
rADCmin, rADCmean, and rADCsd, respectively) between the two groups. Cutoff values
were calculated based on receiver operating characteristic curve analysis and the Youden
index, and the area under the curve (AUC), sensitivity, and specificitywere determined. The
median ADCmax, ADCmin, ADCmean, rADCmax, rADCmin, and rADCmean values were
significantly lower in group 1 than in group 2 (p< 0.05). For the differential diagnosis of
ependymomas andDIPGs, a cutoff ADCmeanvalue of 1.02� 10�3mm2/swas determined,
which produced a sensitivity of 100%, a specificity of 88.9%, and an AUC of 95.8%. ADC
parameters should be consideredwhen performing a differential diagnosis between fourth
ventricular ependymomas and DIPGs. Based on our findings, a cutoff ADCmean value of
1.02� 10�3 mm2/s was the most significant and effective parameter for this purpose.
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mildly vascular intrinsic brainstem glioma was identified
intraoperatively. Postoperatively, an astrocytoma diagnosis
was verified by histopathology.3 Thakar et al reported a
patient with a diffuse lesion, composed of intrinsic and
symmetric exophytic cisternal components in the pontome-
sencephalic region consistent with diagnosis of DIPG. Nev-
ertheless, the histopathological analysis revealed a
confirmation of ependymoma.4 According to Jallo et al,
although ependymomas are primarily extra-axial, they can
mimic an intrinsic brain stem tumor, inducing compression
on the brain stem or insinuating the Luschka foramen into
the brain stem through lateral extension. Occasionally, epen-
dymomas can arise as medullary lesions, resulting in the
misdiagnosis of ependymoma as glioma of the brain stem.5

Furthermore, Tonn et al reported that 40% of ependymomas
may present low-density necrotic centers, imitating malig-
nant gliomas.6 The optimal therapeutic strategies and prog-
nosis for ependymoma and DIPG differ; therefore, improving
the distinction between ependymoma and DIPG may earn
improved outcomes for patients.1,2,5,6

The gold standard diagnostic method for these tumor
classifications remains pathological assessments following
biopsy or surgical resection. However, even when using the
gold standard method, sampling errors and interpretation
variability can make diagnoses challenging. Additionally,
biopsies are associated with a high risk of inducing mor-
bidity and mortality. Preoperative imaging can be utilized
to establish a diagnosis, a differential diagnosis, or to
describe the tumor’s anatomic location.1,2,7,8 Diagnosis
based on preoperative imaging is the most popular, nonin-
vasive process. Among various available imaging modali-
ties, magnetic resonance imaging (MRI) is the most
preferred method, owing to high intrinsic soft-tissue con-
trast, nonradioactive and noninvasive features, and the lack
of any possible biological risks to patients.7,8 Strengthening
associations between imaging-based diagnosis and tissue-
based diagnosis can facilitate the expanded use of imaging
methods for care planning. Markedly, earlier research ex-
amining the use of specific MRI sequences for the distinc-
tion among different types of growing posterior fossa
tumors in children has shown encouraging results.7–13

Diffusion-weighted imaging (DWI) is a commonly utilized
MRI sequence that plays a critical role in the differentiation
of pediatric posterior fossa tumors, among the various
available imaging sequences.7–13

DWI enables the calculation of the microscopic diffusion
of water into tissues, resulting in the creating of apparent
diffusion coefficient (ADC) maps, which represent the abso-
lutemeasure of average diffusion in each voxel.7–13 Although
previous studies have assessed the application of DWI to the
differentiation of common posterior fossa tumors such as
medulloblastoma, ependymoma, and pilocytic astrocytoma
in children, knowledge about the utilization of DWI for the
distinction between fourth ventricular ependymoma and
DIPG was not abundant.9–13 Thus, in this clinical study, we
attempted to assess the effects of utilizing ADC parameters
for the differentiation between fourth ventricular ependy-
moma and DIPG.

Materials and Methods

Subjects
This prospective study was approved by the Institutional
Review Board of Children’s Hospital 02 (Ref: 352/NĐ2-CĐT).
Informed consent was received from all patients’ legal
representatives before the MRI procedure. The study was
performed at Children’s Hospital 02, starting in Febru-
ary 2019, and lasted for 12 months. A total of 26 patients
were enrolled in this study, divided into two groups (median
age: 5 years; male/female: 17/9). Group 1 consisted of 8
fourth ventricular ependymoma patients, whereas group 2
included 18DIPG patients. Themedian ages of groups 1 and 2
were 3.5 and 5.5, respectively. The male/female ratios of
groups 1 and 2 were 7/1 and 10/8, respectively. Patients
diagnosed with fourth ventricular ependymoma underwent
surgery to obtain samples for histopathological verification.
In terms of pros and cons of histopathological findings via
surgery or biopsy for DIPG in children and as our hospital
protocols, all patients with DIPG were diagnosed with DIPG
based on a complete consensus between neuroradiologists
and neurosurgeons.14–16

MRI Procedure
In this study, all patients were checked using a 1.5 Tesla MRI
machine (Multiva, Philips, Best, the Netherlands) and judged
utilizing theDWIsequence,with the followingdetailedparam-
eters: repetition time (TR): shortest; echo time (TE): shortest;
flip angle: 90 degrees; slice thickness: 5mm; gap: 1mm; field
of view: 230� 230mm; matrix: 144� 90mm; plane: axial;
number of acquisitions: 2; b values: 0, 25, 50, 100, 200, 1,000,
and 1,500; duration: 3.43minutes. ADC values were automat-
ically derived from the DWI sequence, after finishing the scan.

Variables
A region of interest (ROI) was defined in both the tumor and
the parenchyma on the ADCmap, using the MR diffusion tool
available in Philips Intellispace Portal, version 11. Clinician
chose theslicewhere the tumorwasmax in size, laterdrewthe
ROIwithin the tumor covered solid part as large as possible (at
least 100mm2) and the ROI of the normal-appearing paren-
chyma at the same slice. All ADC values were calculated for
both ROIs, including themaximumADC (ADCmax), minimum
ADC (ADCmin),meanADC (ADCmean), and standard deviation
ADC (ADCsd). The following additional parameters were also
assessed: the ratios between the tumor and parenchyma
values for each parameter were also calculated (rADCmax,
rADCmin, rADCmean, and rADCsd) (►Figs. 1 and 2).

Statistical Analysis
Statistical analysiswasperformedusing SPSS software version
26 (IBM Corp, Armonk, New York, United States). Continuous
variables are presented as themedian and interquartile range.
The Mann–Whitney U test was utilized for comparisons
between quantitative variables. Receiver operating character-
istic curve analysis and the Youden index were used to
investigate the cutoff point, accuracy, sensitivity, and specific-
ity. Differences with p< 0.05 were considered significant.
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Results

In group 1, therewere four cases of classic ependymoma (grade
II) and four cases of anaplastic ependymoma (grade III) mean-
while therewasnohistologicalgrading ingroup2.According to
surgical reports, it is noted that all of ependymomas, in the

present study, were originated from the floor of the fourth
ventricle.

As shown in ►Table 1, the ADCmax, ADCmin, ADCmean,
rADCmax, rADCmin, and rADCmean values for fourth ven-
tricular ependymomas were significantly lower than those
for DIPGs (p< 0.05).

Fig. 1 A 4-year-old male patient, with a tumor inside the fourth ventricle, which was confirmed as ependymoma after surgery. (Left) Axial
diffusion-weighted imaging. (Right) apparent diffusion coefficient map.

Fig. 2 A 6-year-old male patient, with a tumor located in the pons, which was diagnosed as a diffuse intrinsic pontine glioma. (Left) Axial
diffusion-weighted imaging image. (Right) Apparent diffusion coefficient map.
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As demonstrated in ►Table 2, a cutoff ADCmean value of
1.02 was established for the differential diagnosis between
fourth ventricular ependymomas and DIPGs, resulting in the
highest sensitivity value of 100%, a specificity of 88.9%, and
an area under the curve (AUC) of 95.8% (►Fig. 3).

Discussion

Weevaluated the impact applyDWI for tumordifferentiation
becauseDWI facilitates themeasurement of watermolecules
diffusion into and out of cells. The diffusion rate is governed
by microstructural and tissue microdynamics. Tissue diffu-
sion coefficients may be determined using ADC values. The
passage of water across the cell wall is affected by the overall

flow inside of capillaries and the successful distribution
mechanisms through the membrane. Dense cellular tumors
have fewer interstitial spaces, resulting in decreased water
diffusion and lower ADC values; thus, DWI may be useful
when measuring diffusivity level of brain tumor tissues,
which is among the most significant variables when evalu-
ating tumor types and grades.7–13 In our study, the ADCmax,
ADCmin, ADCmean, rADCmax, rADCmin, and rADCmean
values for DIPGs were significantly higher than those for
fourth ventricular ependymomas (p< 0.05). A cutoff ADC-
mean value of 1.02� 10�3 mm2/s was determined for the
differential diagnosis between fourth ventricular ependy-
momas and DIPGs, yielding the highest sensitivity value of
100%, a specificity of 88.9%, and an AUC of 95.8%.

Numerous researches have proposed the application of
multiple ADC values to assist in the identification of ependy-
momas and DIPGs. However, they did not concentrate on the
performanceofDWIand thecutoffADCvalues in thedistinction
between fourth ventricular ependymoma and DIPG.9–13,16–19

Table 1 Comparison of the basic characteristics between fourth
ventricular ependymomas and diffuse intrinsic pontine gliomas

Fourth
ventricular
ependymoma
(n¼ 8)

Diffuse intrinsic
pontine glioma
(n¼ 18)

p-Value

ADC

ADCmax
(10�3 mm2/s)

1.01 (0.71) 1.64 (0.49) 0.003a

ADCmin
(10�3 mm2/s)

0.62 (0.42) 1.05 (0.34) 0.001a

ADCmean
(10�3 mm2/s)

0.77 (0.44) 1.38 (0.50) < 0.001a

ADCsd 0.08 (0.09) 0.10 (0.04) 0.093

ADC ratio

rADCmax 1.48 (0.80) 1.98 (0.54) 0.017a

rADCmin 1.13 (0.77) 1.81 (0.67) 0.002a

rADCmean 1.25 (0.74) 2.01 (0.63) < 0.001a

rADCsd 2.62 (2.31) 2.41 (1.95) 0.824

Abbreviations: ADC, apparent diffusion coefficient; maxADC, maximum
ADC; minADC, minimum ADC; ADC ratio, the ratio between the tumor
and parenchyma values of each ADC variable.
aStatistically significant.

Table 2 ROC analysis of ADC and rADC parameters for the differential diagnosis between fourth ventricular ependymomas and
diffuse intrinsic pontine gliomas

Cutoff point AUC Sensitivity Specificity 95% CI

ADC

ADCmax (10�3 mm2/s) 1.24 0.872 0.750 0.889 0.704–1.000

ADCmin (10�3 mm2/s) 0.76 0.920 0.875 0.833 0.815–1.000

ADCmean (10�3 mm2/s) 1.02 0.958 1 0.889 0.884–1.000

ADC ratio

rADCmax 1.57 0.799 0.750 0.833 0.592–1.000

rADCmin 1.41 0.885 1 0.667 0.757–1.000

rADCmean 1.58 0.948 1 0.778 0.869–1.000

Abbreviations: ADC, apparent diffusion coefficient; AUC, area under the receiver operating characteristic curve; 95% CI, 95% confidence interval;
ADC ratio, the ratio between the tumor and parenchyma values for each ADC variable; maxADC, maximum ADC; minADC, minimum ADC; ROC,
receiver operating characteristic.

Fig. 3 The receiver operating characteristic curves for the maximum
apparent diffusion coefficient (ADC), minimum ADC, mean ADC, the
ratios between the tumor and parenchyma values for each ADC were
also calculated (rADCmax, rADCmin, and rADCmean values).
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According to the study reported by Chen et al, which examined
nine patients with DIPG, the mean ADC value was
1.14� 0.18� 10�3 mm2/s.16 More recently, Duc reported that
themedian diffusivity value of 15DIPGswas 1.28� 10�3mm2/
s.17Additionally, Loberet al reported that themedianADCvalue
for 20 DIPGs was 1.29� 10�3 mm2/s.18 Therefore, based on
threeprevious studies, theADCvaluesofDIPGranged from1.14
to 1.29� 10�3mm2/s.16–18 In contrast, Jaremkoet al19 reported
that the range of ADC values for 5 ependymomas was 0.65 to
0.99� 10�3mm2/s, and Zitouni et al12 suggested that themean
ADCvalue for 10ependymomaswas1.03� 0.210�3mm2/s. Esa
et al10 reported a mean ADC value for 12 ependymomas of
1.04� 0.210�3 mm2/s. In addition, Rumboldt et al observed an
ADCvalueof1.10� 0.110�3mm2/samongfiveependymomas.9

Based on these previous reports, the ADC values for ependy-
moma ranged from 0.65 to 1.10� 10�3 mm2/s.9,10,12,19 In this
present study, the ADCmean value for fourth ventricular epen-
dymoma was 0.77� 10�3 mm2/s, whereas the median ADC-
mean value for DIPG was 1.38� 10�3 mm2/s. Our findings are
fully consistent with those reported by previous studies.

These variations between fourth ventricular ependymoma
and DIPG ADC values can be clarified by examining the under-
lying principle associated with DWI and ADC measurements.
DWImeasures theBrownianmotionofwatermolecules insidea
tissue voxel. Unlike the free flow of water, diffusion inside any
given tissue is limited by the boundaries created by cell mem-
branes. A single voxel’s overall diffusion role represents the sum
of all water diffusion that occurs intracellularly, extracellularly,
and in all cellular compartments present in a tissue. The
intracellular space comprises the spaces within human cells,
including the cytoplasm and the organelles, whereas the extra-
cellular space includes spaces within the intravascular, lym-
phatic, interstitial, and intracavitary areas. Any increases in
cellular mass, irregular compounds, or large particles within
certain spaces can reduce the diffusion coefficient.9–20 Ependy-
moma, amostly solid tumor, isgradedas II or III according to the
World Health Organization (WHO) system. Some ependymo-
mas are noted to expand cellular density, mitoses, necrosis, and
microvascular propagationwhile keeping the typical pattern of
ependymoma. Basically, reductions in thewater’s freeflow, due
to limited inter- and intracellular spaces, lead to a cutback of
diffusion’s signal output. Therefore, the speed of apparent
diffusion in a solid, dense tumor like ependymomas, would
be small.9,10,12,19,21 Inversely, gliomas in the brain stem are less
condensed.The intercellularspace isusually larger, suchthat the
protons of hydrogen are not greatly restrained. Both of these
factors would prompt considerably higher ADC values in DIPG
than in ependymoma.16–18

Our research is associatedwith some limitations, including
small sample size and the inclusion of only one center. In
addition, in this study, researcher onlypurposed toutilizeDWI
to differentiate fourth ventricular ependymoma from DIPG;
therefore, theknowledge ofmorphological characteristics and
conventional MRI features was insufficient. Furthermore,
according to our hospital protocols, the DIPG cases were
properly diagnosed and treated based on agreement of neuro-
radiologists and neurosurgeons, despite the lack of histopath-
ological tests, for tumor type confirmation that was a major

drawback of this research. We suggest that further studies
should be performed to validate our current results, including
the use of broader sample sizes andmulticenter participation.
Furthermore, future studies with the combination of conven-
tional MRI and DWI are very crucial to enhance the distinct
diagnosis between these tumor types.

Conclusion

The cutoff ADCmean value of 1.02� 10�3 mm2/s was deter-
mined to be the most effective parameter for differentiating
between fourth ventricular ependymoma and DIPG, with a
sensitivity value of 100%, a specificity of 88.9%, and an AUC of
95.8%. Other variables such as ADCmax, ADCmin, rADCmax,
rADCmin, and rADCmean values might also aid radiologists to
discriminate between these two tumor types. To support our
current results,morestudies, including larger samplesizes and
the participation of multiple centers, should be implemented.

Highlights

1. Fourth ventricular ependymoma can trigger a misdiagno-
sis of DIPG in certain clinical conditions.

2. The median ADCmax, ADCmin, ADCmean, rADCmax,
rADCmin, and rADCmean values were significantly lower
in fourth ventricular ependymoma than in DIPG.

3. The ADCmean was a critical and effective factor for
differentiating between pediatric fourth ventricular
ependymoma and DIPG.
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