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Abstract

Purpose Differential diagnosis between central neurocytoma and ependymoma is very important for making preoperative
scheme. We explored the application of diffusion-weighted imaging (DWI) combined with apparent diffusion coefficient
(ADC) in differential diagnosis between both.

Methods The data of preoperative MR plain and contrast-enhanced scan, DWI and ADC values of neoplastic solid parts from 18
cases with central neurocytoma and 19 cases with lateral ventricular ependymoma, were retrospectively analyzed. Mann-
Whitney test was used for the comparison of ADC values between central neurocytoma and ependymoma. The application of
ADC values in the differential diagnosis between central neurocytoma and ependymoma was evaluated by ROC curve.
Results The lesions showed hyperintensity-dominant mixed signal intensity on DWI and mean ADC was (0.65 +0.13) x
107> mm?/s in the 18 cases with central neurocytoma. In the 19 cases with ependymoma, 13 had hyperintensity-dominant mixed
signal intensity on DWI and 6 had hypointensity-dominant mixed signal intensity on DWI, and mean ADC was (1.20 £0.23) x
10~ mm?/s. The mean ADC value was significantly higher in the 19 cases with ependymoma than in the 18 cases with central
neurocytoma (P < 0.001). The ADC of 0.87 x 10> mm?/s might be used as a threshold for differential diagnosis between central
neurocytoma and ependymoma with an area under ROC curve of 0.98 +0.02 and a 95% confidence interval of 0.95-1.00. Its
sensitivity, specificity, and accuracy were 90%, 100%, and 90%, respectively.

Conclusion There is a certain overlap in MRI imaging features between central neurocytoma and ependymoma. DWI combined
with ADC value can improve peoperative diagnostic accuracy.

Keywords Central neurocytoma - Lateral ventricular ependymoma - Magnetic resonance imaging - Diffusion-weighted imaging -
Apparent diffusion coefficient

Introduction

Central neurocytoma originating from the Monro foramen
accounts for 0.1% of the primary brain tumors. Its clinical
symptoms usually occur within less than 6 months and mainly
include headache and intracranial hypertension [1]. Since its
clinical symptoms and imaging features are similar to those of
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ependymoma, it is difficult to distinguish them before opera-
tion. Moreover, central neurocytoma requires preoperative
embolism to prevent excessive intraoperative bleeding due
to its abundant blood supply, which is different from
ependymoma. Therefore, accurate diagnosis is important be-
fore operation. At present, magnetic resonance diffusion-
weighted imaging (DWI) has been widely used in the diagno-
sis and differential diagnosis of central nervous system neo-
plasms, but the application of DWI combined with apparent
diffusion coefficient (ADC) in differential diagnosis between
central neurocytoma and ependymoma is rarely reported. The
purpose of this study was to explore the application of DWI
combined with ADC in the differential diagnosis between
central neurocytoma and ependymoma.
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Subjects and methods

All study methods were approved by Institutional Review
Board and Ethics Committee of our Hospital. The informed
consent was obtained from all subjects.

Subjects

Clinical and imaging data of 18 cases with central
neurocytoma and 19 cases with ependymoma, which were
confirmed by operation, pathology, and immunohistochemis-
try in our hospital between January 2012 and October 2018,
were retrospectively analyzed. In the 18 cases with central
neurocytoma, 10 were male and 8 female with a mean age
of 29.7 years (range 16—45). In the 19 cases with
ependymoma, 12 were male and 7 female with a mean age
of 36.2 years (range 7-58). All patients underwent pre-
operative 3.0 T MRI plain scan, MRI enhanced scan, DWI,
and ADC. Clinical manifestations were intracranial hyperten-
sion such as headache, dizziness, nausea and vomiting, and
average disease course was 0.8—-9 months in all patients.

MRI

Head plain scan and enhanced scan were performed using
Siemens 3.0 T Verio MR scanner (MAGNETOM Verio,
Siemens AG Healthcare, Erlangen, Germany) in all cases.
Gradient recalled echo (GRE) TIWI (TR =1800 ms, TE =
20 ms) parameters were as follows: slice thickness 5.0 mm,
slice interval 1.0 mm, field of view 220 mm x 220 mm, and
matrix 256 x 256. Turbo spin echo (TSE) T2WI (TR =
4500 ms, TE = 96 ms) parameters were as follows: echo time
10 ms, echo train length 8, and average number of excitation
2. DWI parameters were as follows: TR 4500 ms/TE 98 ms,
slice thickness 5.0 mm, slice interval 1.0 mm, matrix 256 X
256, and b-values (0 and 1000 s/mmz). After injection of
0.1 mmol/kg of Gd-DTPA (Bayer Schering Pharma,
Germany), enhanced MRI was performed.

Image analysis and measure

Every image was analyzed by two senior doctors together who
specialized in imaging diagnosis of the central nervous system
and were blind to this study. When their diagnoses were in-
consistent, they finally reached agreement by discussion. MR
DWI images were loaded on a computer for processing to
obtain corresponding ADC images, and then the ADC images
were imported into Siemens workstations to measure the ADC
values of neoplastic solid parts. When measuring ADC, a
region of interest (ROI) was first selected according to MR
T1WIL, T2WI, and enhanced images. The ROI should avoid
cystoid (round shadow with long T1 and T2 signal, as well as
clear boundary), necrotic (irregular shadow with long T1 and

T2 signal, as well as unclear boundary), and hemorrhagic
(equal T1 and short T2 signal shadow, or short T1 and long
T2 signal shadow) areas. The ROI area was 15-20 mm? with
b=1000 s/mm?. Three adjacent slices were selected from the
lesion center to measure ADC values, and the ROI areas were
the same as much as possible. Each slice was measured three
times in different areas, and the mean ADC value of this slice
was calculated, and then the average ADC value of the three
slices was calculated as the ADC value of the lesion.

Statistical analysis

Statistical treatment was performed using SPSS19.0 software.
Mann-Whitney test was used to compare the ADC values of
neoplastic solid parts between central neurocytoma and
ependymoma. Statistical significance was established at
P <0.01. The ROC curve was used to determine ADC optimal
threshold for differential diagnosis between central
neurocytoma and ependymoma. The area under ROC curve,
sensitivity, specificity, and accuracy were calculated.

Results

Imaging features of central neurocytoma
and ependymoma

In the 18 cases with central neurocytoma, all lesions were
located in the body of lateral cerebral ventricle. Of the 18
cases, the lesions were bilateral in 5 and unilateral in 13, were
lobulated (Fig. 1) or irregular in 14 and round-like in 4, had
cystoid variation and/or necrosis in 13, hemorrhage in 9, and
vascular flow void effect in 12 (Fig. 1b). The neoplastic solid
parts showed slightly low signal intensity on T1WI and slight-
ly high signal intensity on T2WI, while neoplastic necrosis or
cystoid variation showed long T1 and long T2 signals. The
lesions showed heterogeneous moderate to obvious enhance-
ment on MR enhanced scan in 14 cases (Fig. 1¢). In the 19
cases with ependymoma, 9 had lesions in the body of lateral
cerebral ventricle, 5 in the anterior horn of lateral ventricle
(Fig. 2), and 5 in the posterior horn of lateral ventricle
(Fig. 3). The positions of these lesions were similar to that
reported by Lejeune et al. [2]. Of the 19 cases with
ependymoma, the lesions were lobulated in 13 and round or
round-like in 6, were cystic-solid mixed mass in 12, and solid
mass in 7. The neoplastic solid parts showed equal or low
signal intensity on T1WI (Figs. 2a and 3a) as well as equal,
low, or slightly high signal intensity on T2WI (Fig. 2b and 3b),
while neoplastic necrosis or cystoid variation showed long T1
and long T2 signals. In the 19 cases, 5 had intratumoral hem-
orrhage, 2 mild cerebral edema around the brain ventricle, 5
vascular flow void effect in the lesion, and 12 hydrocephalus.
The lesions showed slight enhancement on MR-enhanced
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Fig. 1 A 27-year-old man with lobulated central neurocytoma located in
the Monro foramen of lateral ventricle. a Heterogeneous equal and low
signal intensity on T1WI. b Equal and high signal intensity with vascular
flow void effect on T2WI. ¢ Heterogeneous moderate enhancement with
lamellar nonenhancement areas and vascular flow void effect on

scan in 13 (Fig. 2¢) and moderate to obvious enhancement in 6
cases (Fig. 3¢) (Table 1).

Comparisons of DWI and ADC between central
neurocytoma and ependymoma

In the 18 cases with central neurocytoma, the neoplastic solid
parts showed hyperintensity-dominant mixed signal intensity
on DWI, but its corresponding ADC showed hypointensity-
dominant mixed signal intensity, namely that DWI
hyperintensity would have ADC hypointensity (Fig. 1 d and
e). Of the 19 cases with ependymoma, the neoplastic solid
parts showed hyperintensity-dominant mixed signal intensity
on DWI and hypointensity-dominant mixed signal intensity
on ADC in 13 (Fig. 3 d and e), and the neoplastic solid parts
showed hypointensity-dominant mixed signal intensity on
DWTI and equal and low mixed signal intensity on ADC in 6
(Fig. 2 d and e). The mean ADC value was 0.65+0.13 x
107 mm?/s (range 0.46-1.09 x 10> mm?/s) in central
neurocytoma, and 1.20£0.23 x 1073 mm?/s (range 0.92—
1.73 x 10* mm?/s) in ependymoma. The ADC value was
significantly higher in ependymoma than in central
neurocytoma (P <0.001). The ADC of 0.87 x 107> mm?/s
might be used as a threshold for differential diagnosis between
central neurocytoma and ependymoma with an area under
ROC curve of 0.98+0.02 (Fig. 4) and a 95% confidence

enhanced TIWI. d Hyperintensity-dominant mixed signal intensity on
DWI. e ADC showing hypointensity-dominant mixed signal intensity. f
Round and uniform tumor cells with eosinophilic cytoplasm, and lots of
blood capillary among these cells (HE x 200). DWI diffusion-weighted
imaging, ADC apparent diffusion coefficient

interval of 0.95-1.00. Its sensitivity, specificity, and accuracy
were 90%, 100%, and 90%, respectively. The lesions with
more than 0.87 x 10> mm?*/s of ADC may be diagnosed as
ependymoma, and the lesions with less than 0.87 x 107> mm?/
s of ADC may be diagnosed as central neurocytoma.

Pathology

Central neurocytoma The gross appearance of tumor section
was grayish white or grayish red with moderate texture. Under
microscope, the tumor is composed of small cells with round
nuclei, less cytoplasm, spotted chromatin, and perinuclear ha-
lo (Fig. 1f), and calcification could be seen in some tumors. In
most central neurocytoma, synaptophysin was strongly posi-
tive, but glial fibrillar acidic protein (GFAP) was negative [3].
In some cases, neuron-specific enolase (NSE) staining was
positive. In a few of cases with negative synaptophysin, the
diagnosis depended on cellular ultrastructure. Under electron
microscope, the cytoplasm contained a lot of Golgi complex,
mitochondria, parallel microtubules, dense core particles and
transparent vesicles, and synapses could be seen.

Ependymoma The gross appearance of tumor section was red
and lobulated with brittle texture. Under light microscope,
ependymoma cells have moderate density, large round or oval
nuclei with rare mitosis, and calcification or necrosis could be
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Fig. 2 A 26-year-old man with round-like ependymoma located in the
body and anterior horn of the left lateral ventricle. a Cystic-solid mixed
mass with clear boundary, the neoplastic solid part showing equal signal
intensity on TIWI. b The neoplastic solid part showing equal and low
mixed signal intensity on T2WL. ¢ No enhancement on enhanced TIWL d
The neoplastic solid part showing hypointensity-dominant mixed signal

seen. Under low power microscope, the tumor tissue sections
showed leopard skin-like change, which was one of the diag-
nostic bases for ependymoma. Under high power microscope,
the tumor cells were arranged into a “palisade-like” structure
around tumor vessel wall. The central vessel was surrounded
by long cell processes containing glial fiber without cell nu-
clei, followed by its periphery consisting of tumor cell nuclei,
showing chrysanthemum-like or perivascular
pseudochrysanthemum-like appearance (Fig. 2f).
Immunohistochemistry showed positive GFAP, vimentin,
and fibronectin [4].

Discussion

Significance of preoperative differential diagnosis
between central neurocytoma and ependymoma

Central neurocytoma, a rare tumor, was first raised by
Hassoun in 1982. Central neurocytoma is usually located in
the interventricular foramen (Monro foramen) of the lateral
ventricles and only accounts for 0.1% of the primary tumors
originating from central nervous system. In 1993, WHO clas-
sified central neurocytoma as an independent tumor belonging

intensity and the neoplastic cystoid part showing equal signal intensity on
DWI. e The neoplastic solid part showing equal and low mixed signal
intensity and the neoplastic cystoid part showing high signal intensity on
ADC. f Lots of blood capillary and perivascular chrysanthemum-like
appearance (HE x 200). DWI diffusion-weighted imaging, ADC apparent
diffusion coefficient

to WHO grade II glioma [5], because it may originate from
neurons or neuroblasts with bidirectional differentiation po-
tential in transparent septum or ependyma and is different
from ganglioneuroma and neuroblastomas under light micro-
scope. Ependymoma originates from meningeal remnants of
ependyma or other parts. It belongs to central nervous system
glioma and WHO grade II [5]. Ependymoma accounts for
about 3/4 of ependymal cell tumors and 1.2—7.8% of intracra-
nial tumors [6]. It mostly occurs in children, specifically in 5-
to 15-year-old children with an annual incidence rate of about
0.2-0.8/100,000. Ependymoma is usually located in the ven-
tricle with expansive growth. After anaplasia, the malignant
degree of ependymoma markedly increases to grade III or IV.
In 2016, WHO added a subtype of ependymoma, RELA fu-
sion gene positive ependymoma with specific LICAM ex-
pression [7]. This subtype is usually supratentorial neoplasms
and has worse prognosis than typical ependymoma.

At present, the best treatment for central neurocytoma and
ependymoma is surgery for trying to completely remove le-
sions and relieve obstructive hydrocephalus. However, for
central neurocytoma, due to its abundant blood supply, it is
not completely removed usually and requires preoperative
embolism to prevent excessive intraoperative bleeding.
Therefore, the preoperative accurate diagnosis is very
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Fig. 3 A 56-year-old man with lobulated ependymoma located in the
posterior horn of the right lateral ventricle. a Heterogeneous and slight
low signal intensity with mottling high signal intensity areas on TIWI. b
Heterogeneous and slight high signal intensity with surrounding brain
edema on T2WL ¢ Heterogeneous moderate enhancement on sagittal
image. d Slightly limited diffusion with surrounding liquid signals on

important for the choice of surgical scheme. This study aimed
to improve the differential diagnosis between central
neurocytoma and ependymoma by retrospective analyses of
MRI features, DWI and ADC values from 18 cases with cen-
tral neurocytoma and 19 cases with ependymoma whose di-
agnoses had been confirmed by surgery, pathology, and
immunohistochemistry.

Analyses of imaging features for central neurocytoma
and ependymoma

In this study, the central neurocytoma was located in lateral
ventricular septum pellucidum or Monro foramen and was
connected with the septum pellucidum in all the 18 cases. Of
the 18 cases, the lesions were lobulated or irregular in 14 and
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DWI. e Equal and low signal intensity on ADC. f MRS showing in-
creased Cho with loose-bodied lip peak and without NAA peak. DWI
diffusion-weighted imaging, ADC apparent diffusion coefficient, MRS
magnetic resonance spectroscopy, Cho cholin, Lip lipid, NAA N-
acetylaspartate

round or round-like in 4 with clear boundary. The lesions were
mainly cystic-solid mixed, accompanied by calcification and
vascular flow void effect. The neoplastic solid parts showed
equal or slightly low signal intensity on T1WI and equal or
slightly high signal intensity on T2WI. The most lesions
showed heterogeneous moderate to obvious enhancement on
MR enhanced scan [8§—10]. The central neurocytoma was lim-
ited to the body and anterior horn of lateral ventricle without
invasion into the adjacent brain parenchyma. In this study,
ependymoma was also lobulated, round or round-like with
clear boundary. Stippled calcification or cystoid variation
were seen in these lesions commonly without edema in the
surrounding brain parenchyma. The neoplastic solid parts
showed equal or low signal intensity on T1WI as well as equal
or slightly high signal intensity on T2WI. The lesions showed

Table 1  The imaging features of central neurocytoma and ependymoma (1)
Case Lobulated Cystic necrosis Intratumoral hemorrhage Vascular flow void effect Moderate to obvious enhancement
Yes No Yes No Yes Yes No Yes No
Central neurocytoma 18 14 4 13 5 9 12 6 14 4
Ependymoma 19 13 6 12 7 5 5 14 6 13
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Fig. 4 ROC curve of ADC values used in the differential diagnosis
between central neurocytoma and ependymoma. The area under the
ROC curve is 0.98 +0.01. ADC apparent diffusion coefficient

various degrees of enhancement on MR enhanced scan.
Ependymoma often grows along the brain ventricle [11]. In
a word, cystoid variation, vascular flow void effect, and en-
hancement were more marked in central neurocytoma than in
ependymoma, but morphology and other imaging features
were similar between both, so it is difficult to distinguish
central neurocytoma from ependymoma.

Analyses of DWI and ADC for central neurocytoma
and ependymoma

DWTI is closely related to diffusion velocity of water mole-
cules. The main factors affecting the diffusion velocity of
water molecules include the distributions of cell membrane
and basilar membrane, ratio of nucleus to cytoplasm, and the
content of macromolecular substances in cytoplasm [12, 13].
In pathological state, the change in the distributions of intra-
and extracellular macromolecular substances such as proteins,
and the destruction of cell membrane and basilar membrane
affect diffusion velocity of water molecules, resulting in ab-
normal DWI signal. DWI signal attenuation mainly depended
on water molecular ADC (mm?/S) and dispersion sensitivity
coefficient b value (s/mm?) [14]. ADC value is negatively
correlated with DWI signal, namely that ADC value increases,
the dispersion of water molecules accelerates and DWI signal
decreases, and vice versa. According to DWI signal and ADC
value, a qualitative diagnosis can be made and biological be-
havior can be evaluated for most lesions. For example, due to
rapid growth of malignant tumor, tumor cells are large and
dense, and the extracellular space is relatively narrow, limiting

water molecular dispersion with a marked reduction of ADC
value [15]. ADC value is closely correlated with tumor cell
density as well as tumorous benignancy and malignancy. The
lower the ADC value is, the higher the tumor cell density is,
namely that the ADC value is negatively correlated with tu-
mor cell density [16]. In addition, the ratio of nucleus to cy-
toplasm is also one of the important factors to determine ADC
value. The high ratio of nucleus to cytoplasm caused by dense
arrangement of tumor cells limits water molecular dispersion,
leading to high DWI signal and low ADC value. In this study,
central neurocytoma showed hyperintensity-dominant mixed
signal intensity on DWI with a mean ADC value of 0.65 +
0.13 x 10 mm?*/s in the 18 cases, and ependymoma showed
hyperintensity or slight hyperintensity on DWI in 13 cases and
hypointensity on DWI in 6 cases with a mean ADC value of
1.20+£0.23 x 10> mm?%/s. This may be that the cell density
was relatively low and the blood supply was relatively small
in ependymoma, and 12 cases had necrotic and cystoid
ependymoma, leading to mean ADC elevation in the 19 cases
with ependymoma.

In lesions, cystoid, necrotic, and hemorrhagic areas as well
as tumor cell density are all associated with water molecular
diffusion, finally affecting the ADC value. In addition, images
on different slices will influence the ADC value due to the
heterogeneity of tumor, different MR systems with specific
scanning sequences and parameters also will influence the
ADC value, and scanners with different field strengths also
have various ADC values [14], so it is necessary to explore
ADC thresholds of different MR systems in clinical practice.
Therefore, there is no unified ADC threshold for differential
diagnosis between benign and malignant tumors. In this study,
the ADC value was significantly higher in ependymoma than
in central neurocytoma. The ADC 0f0.87 x 10~ mm?/s might
be used as a threshold for differential diagnosis between cen-
tral neurocytoma and ependymoma with an area under ROC
curve of 0.98 £0.02, a 95% confidence interval of 0.95-1.00,
a sensitivity of 90%, a specificity of 100%, and a accuracy of
90%, which is consistent with that reported by Wang et al.
[17].

Recently, Chen et al. [18] have used ADC histogram to
differentiate ventricular ependymomas, choroid plexus papil-
lomas (CPPs), and central neurocytomas, and their results
suggest that the ADC histogram analysis may help to discrim-
inate ependymomas, CPPs, and central neurocytomas. Chen
etal. [18] estimated a threshold value of 86.50 for perc.50% to
predict ependymomas from central neurocytomas (AUC =
0.97, sensitivity = 97.20%, specificity = 85.70%). ADC histo-
grams contain more information of tumor tissue than mean
ADC value. ADC histogram parameters include mean value,
variance, skewness, kurtosis, and percentile values. Positive
skewness indicates that there is high cellularity or possibility
of malignancy, while negative skewness suggests a large
amount of cystic or edematous tissue. In this study, we
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explored the application of mean ADC in differential diagno-
sis between central neurocytoma and ependymoma. Our
methods and results were similar with that of above study,
but ADC histogram analysis requires special software, so it
is not suitable to wide application in clinical practice.

There are some limitations in this study. Firstly, the sample
size was relatively small. Secondly, histogram parameters
were relatively less. We will accumulate cases and carry out
an analysis of multiparameters in large sample.

In summary, although there are some similar imaging fea-
tures between central neurocytoma and lateral ventricular
ependymoma, the ADC value of ependymoma is significantly
higher than that of central neurocytoma. Therefore, the imag-
ing features combined with ADC value is very important for
differential diagnosis between central neurocytoma and
ependymoma and also provides a basis for making preopera-
tive scheme.
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