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Abstract

Objectives To increase our understanding of the imaging features of central neurocytoma (CN) and improve the preoperative
MRI diagnosis accuracy.

Methods Preoperative MR images of 30 CNs and another 68 intraventricular non-CN tumours were analysed by one experienced
neuroradiologist retrospectively to identify previously reported features and new features of CN. Six blinded radiologists inde-
pendently reviewed all these MRI images, and scored all characteristic features on a five-point scale. Diagnostic value was assessed
by the area under the receiver operating characteristic curve (AUC); sensitivity, specificity and accuracy were also calculated.
Results In addition to the ‘scalloping’ sign, ‘broad-based attachment’ sign and ‘soap-bubble’ sign, three new MRI features of CN
were identified, including the ‘peripheral cysts’ sign, ‘fluid-fluid level’ sign and the ‘gemstone’ sign. The scalloping sign showed
the highest AUC value (0.82), followed by the peripheral cysts sign (0.75) and broad-based attachment sign (0.75). The
scalloping sign exhibited the highest specificity (82%), followed by the fluid-fluid level sign (79%) and gemstone (78%) sign.
The broad-based attachment sign (85%) was the most sensitive feature, followed by the soap-bubble sign (84%) and peripheral
cysts sign (77%).

Conclusion There are six characteristic MRI features that help to improve the preoperative diagnostic accuracy of CN.

Key Points

* This study is the largest magnetic resonance imaging (MRI) cohort on central neurocytoma (CN).

o Three new features helpful for the diagnosis of CN were reported.

* Diagnostic value of six MRI features of CN was preliminarily determined.
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Abbreviations Introduction

AUC  Area under the curve

CN Central neurocytoma Central neurocytoma (CN) was first described by Hassoun
ROC Receiver operating characteristic and his colleagues in 1982 [1] and was classified as a grade
SE Standard error IT neuronal and mixed neuronal-glial tumour [2]. Making up
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CN, such as: (1) ‘scalloping’ sign: an appearance resembling a
scallop and consisting of cysts on the periphery of the tumour
and the wavy walls of the expanded lateral ventricle [7]; (2)
‘broad-based attachment’ sign: tumours have a broad-based
attachment to either the septum pellucidum or walls of the
lateral ventricle [5, 8, 9]; and (3)’soap-bubble’ sign: also
known as ‘spongy’ or ‘cheese’ appearance, representing clus-
ters of cysts of various sizes displayed within the tumour
[10-12]. However, there is not agreement on the value of these
MRI features [4, 7], which calls for new specific MRI features
for CNs, as well as the need to systematically analyse the
diagnostic value of each feature in identifying CN.

The present study reported three new specific MRI features
of CNs. Furthermore, we investigated the diagnostic value of
all of these features through the receiver operating character-
istic (ROC) curve analysis.

Materials and methods
Patients

This study was approved by the institutional review board. We
used the picture archiving and communication system (PACS)
program to search our radiology database retrospectively from
January 2008 to May 2016 to obtain MRI data of CNs and
other intraventricular tumours. 116 patients who underwent
surgical treatment at our institution with routine preoperative
MRI examination and whose postoperative pathological diag-
nosis confirmed by haematoxylin-eosin staining and immuno-
histochemistry were enrolled into this study. Eighteen cases
(two cases of CNs, seven meningiomas, one choroid plexus
papillary tumour, four ependymal tumours and four astrocy-
tomas) were excluded for motion artifacts (six cases) or for
incomplete or unavailable MRI data (12 cases). Eventually, 98
cases of intraventricular tumours were included in this study,
including 30 cases of CNs, 18 meningiomas, 10 choroid plex-
us papillary tumours, 18 ependymal tumours and 22
astrocytomas.

MRI parameters

Patients were examined on 3.0T MRI scanners (including GE
Signa Excite 3.0T and Philips Achieva 3.0T) with the use of a
head or head-neck coil. All of the 98 patients underwent MRI
protocols comprised of axial TIWI (TE 14-23.7 ms, TR 400—
754 ms), T2WI (TE 76-138 ms, TR 3,000-5,100 ms) and
axial, sagittal and coronal contrast-enhanced T1WI (TE 4.6—
23.4 ms, TR 189-750 ms). Axial fluid-attenuated inversion
recovery (FLAIR) sequence was performed in 64 patients. For
all patients, contrast agent (Omniscan TM, GE Healthcare,
Ireland; Magnevist, Schering, Berlin, Germany; gadopentetate
dimeglumine, Consun, Guangzhou, China) was administered

at a dose of 0.2 mmol/kg and a rate of 2.0-2.5ml/s, using a
power injector (Spectris Solarisl EP, Medrad, USA;
TennesseeXD003, Ulrich Medical, Germany) through the
antecubital vein, followed by a 20-ml sterile saline flush.
Matrices of the sequences were from 480 x 480 to 512 x 512.

Image analysis

One radiologist (YK W, with 15 years of experience in neu-
rology imaging) observed all MR images carefully to identify
the scalloping sign, broad-based attachment sign and soap-
bubble sign, and searched for new features and formulated
the definitions for them all (see Results section).

All of these features and their definitions were introduced
to six radiologists (LC M, LJ G and X X, with 5 years of
experience; ZG S with 10 years of experience; YP C and
YK X with 25 years of experience). The radiologists, blinded
to histopathological diagnoses, independently recorded the
confidence level of the presence of every single feature in each
case of intraventricular tumour using a 5-point scale: 1 = def-
initely not present; 2 = probably not present; 3 = equivocal; 4
= probably present; 5 = definitely present. The window
width, window level and zoom of images were adjusted
through the tools included in the PACS program as
needed.

Statistical analysis

Kendall’s coefficient of concordance W was used to determine
inter-rater agreement, with W >.21 representing fair, W >.41
moderate, W >.61 substantial and W >.81 almost perfect con-
cordances. ROC curve analysis was performed to assess the
diagnostic performance using SPSS 19.0 software, with CN
cases scored as 1, while non-CN cases were marked as 0
according to the gold standard served by pathological diag-
nosis. Areas under the curves (AUCs), sensitivities, speci-
ficities and accuracies of each MRI feature were calculated.
The comparison between every two AUCs was tested by the
two-tailed Z-test of Delong & Clarke-Pearson conducted in
MedCalc (Version 11.4.2.0) software. False discovery rate
(FDR) control was used to correct for multiple compari-
sons. The difference was considered statistically significant
if p<0.05.

Results

MRI features of CN

Scalloping sign, broad-based attachment sign and soap-
bubble sign were noted in the CNs enrolled in the present
study (Figs. 1a—f, 2a—c). Additionally, three new characteristic
MRI features of CN were found and defined: (1) ‘peripheral
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Fig. 1 Scalloping sign and broad-
based attachment sign. (a) Sample
graph, (b) sagittal TIWI and (c)
axial T2WI of scalloping sign: the
radial lines — formed by the walls
of numerous cysts along the bor-
ders of the mass, and the undulate
wall of the lateral ventricular
make up a picture similar to that
of a scallop. (d) Sample graph, (e)
axial T2WI and (f) axial T1WI of
broad-based attachment sign: the
mass abuts the septum pellucidum
with a broad base

cyst’ sign (Fig. 2d—f): multiple cysts located at the periphery of
the mass, with or without the presence of central cysts; (2)
“fluid-fluid level’ sign (Fig. 3a—), an interface between the
upper (usually hyper-intense on T2WI) and lower (commonly
hypo-intense or iso-intense on T2WI) parts of tumour cysts;
and (3) ‘gemstone’ sign (Fig. 3d—f), which was shown on

Fig. 2 Soap-bubble sign and
peripheral cysts sign. (a) Sample
graph, (b) axial T2WI and (c)
axial T1WI of soap-bubble sign: a
large number of cysts varying in
sizes within the mass form the
pattern resembling soap bubbles
or sponge. (d) Sample graph, (e)
axial T2WI and (f) axial T1WI of
peripheral cysts sign: a few cysts
are scattered along the periphery
of the mass
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contrast-enhanced T1-weighted images as single or multiple
well-defined small foci of strong enhancement, in contrast to
the negligible enhancement of the majority of tumours.
Several representative cases of the MRI features, which con-
tributed greatly to the accurate differential diagnosis between
CN and non-CN, are shown in Figs. 4 and 5.
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Fig. 3 Fluid-fluid level sign and
gemstone sign. (a) Sample graph,
(b) axial T2WI and (c¢) axial
T1WI of fluid-fluid level sign: the
fluid-fluid interface divided each
cyst inside the mass into two parts
with different signal intensity. (d)
Sample graph, (e) pre-contrast
and (f) post-contrast axial T1WI
of gemstone sign: single area of
strong enhancement with distinct
border was shown on the mildly
enhanced tumour background

Inter-rater agreement for each MRI feature

Table 1 summarizes the W values of six MRI features. The
peripheral cysts sign ranked the highest inter-rater concor-
dance (0.76), with the same level of concordance
(substantial) as the scalloping sign, soap-bubble sign and
broad-based attachment sign. A moderate inter-rater agree-
ment was recorded for the gemstone sign and fluid-fluid level
sign.

Fig. 4 Differentiation between
central neurocytoma (CN) and
ependymoma with scalloping
sign. Upper row: female, 33
years old, CN; lower row: male,
28 years old, ependymoma. Axial
T2WI (a, d) and TIWI (b, e) of
both cases show multiple cysts in
the mass (d); on post-contrast
sagittal TIWI (¢, f), CN showed
the peripheral cysts between the
mass and the lateral ventricular
wall (arrow), forming the
scalloping sign, but ependymoma
did not show the scalloping sign

Diagnostic performance of six features of CN

The AUC values of the six features were all above 0.5, with
the scalloping sign being the highest (0.82), followed by the
peripheral cysts sign (0.75) and broad-based attachment sign
(0.75) (Fig. 6, Table 2, Z-test result is shown in Table 3; the
results of all ratings is shown in Table 4). The scalloping sign
also presented the maximum specificity (82%). Fluid-fluid
level sign, gemstone sign and peripheral cysts sign showed
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Fig. 5 Differentiation between
central neurocytoma (CN) and
astrocytoma with peripheral cysts
sign. Upper row: male, 33 years
old, CN; lower row: male, 42
years old, astrocytoma. Axial
T2WI (a, d) and T1WI (b, e) re-
vealed numerous cysts in both
cases but with different patterns of
distribution, mainly on its periph-
ery in CN (arrow) and randomly
in astrocytoma. On post-contrast
sagittal T1WI (¢, f), both masses
showed heterogeneous enhance-
ment and were attached to the
roof of the ventricle with broad
base

favourable specificities (>70%). The broad-based attachment
sign was the most sensitive feature (85%), followed by the
soap-bubble sign (84%) and peripheral cysts sign (77%).
The accuracy of the scalloping sign (80%) was significantly
higher when compared to other signs (66%—72%).

Discussion

Despite its rarity, CN is an important differential diagnosis of
intraventricular tumours [4, 12, 13]. The present study reported
new MRI features of CN and evaluated all available character-
istic MRI features, including the scalloping sign, broad-based
attachment sign, soap-bubble sign, peripheral cysts sign, fluid-
fluid level sign and gemstone sign, in terms of their ability to
discriminate CN from non-CN patients.

There have been many reports on imaging manifestations
of CN [1, 4, 5, 14, 15]. CNs mostly occur around the foramen
of Monro in young people. On MRI, CN appears as common-
ly iso-intense on T1-weighted images (T1WI) and iso-intense
or slightly hyper-intense on T2-weighted images (T2WI)

Table 1  Inter-rater agreement of six MRI features

Sign Kendall's W p-value
Peripheral cysts 0.76 <0.001
Scalloping 0.73 <0.001
Soap-bubble 0.63 <0.001
Broad-based attachment 0.61 <0.001
Gemstone 0.60 <0.001
Fluid-fluid level 0.53 <0.001
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relative to grey matter, and usually consists of cysts, calcifica-
tions and flow voids [5, 14, 15]. Obstructive hydrocephalus is
usually present, but peritumoral oedema is rare [3, 10, 11].
However, it is challenging to distinguish CN from ependymal
tumours and astrocytomas based on these general imaging
findings [7, 16].
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Fig. 6 Composite receiver operating characteristic (ROC) curves of six
readers depict reader confidence in the diagnosis of central neurocytoma
(CN) with the six characteristic MRI features. The scalloping sign showed
the highest AUC (0.82) and specificity (82%). The peripheral cysts sign,
broad-based attachment sign and soap-bubble sign exhibited similar AUC
values, which were larger than those of the fluid-fluid level sign and
gemstone sign. SC scalloping, PC peripheral cysts, BB broad-based at-
tachment, SB soap-bubble, FF fluid-fluid level, GE gemstone
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Table2  AUC, sensitivity, specificity and accurracy of six MRI features

for central neurocytomas (CNs)

Sign Observer Mean
1 2 3 4 5 6

SC AUC 088 086 080 081 081 077 082
Se 8% 83% 671% 80% 710% 710%  76%
Sp 8% 82% 84% T1% 8% 82% 82%
Ac 86% 82% 19% T14% 80% 8%  80%
PC AUC 073 072 076 077 0.74 078 0.75
Se 80% 83% T1% 10% 67% 87% T1%
Sp 65% 58% T14% T1% T6% 10%  10%
Ac 70% 66% 5% 15% 3% 15% 2%
BB AUC 071 080 076 074 0.79 0.72 0.75
Se 87% 83% 81% 87% 83% 83%  85%
Sp 50% 1% 57% 57% 68% 57%  60%
Ac 61% 15% 66% 66% 3% 65%  68%
SB AUC 065 071 072 074 075 079 0.73
Se 93% 90% 83% 83% T10% 87%  84%
Sp 3%  51% 59% 62% 16% 68%  58%
Ac 2% 63% 66% 68% T4% T14%  66%
FF  AUC 059 079 065 065 061 0.67 0.66
Se 3% T1% 50% 47% 50% 47%  52%
Sp 2% 82% 16% 81% 68% 87%  19%
Ac 63% 80% 68% 15% 62% 15% 1%
GE AUC 065 070 069 058 0.65 0.66 0.66
Se 57% 67% 53% 37% 40% 60%  52%
Sp 2%  69% 84% 82% 90% T4% 8%
Ac 67% 68% 15% 68% T15% 10%  10%

SC scalloping, PC peripheral cysts, BB broad-based attachment, SB soap-
bubble, FF fluid-fluid level, GE gemstone, Se sensitivity, Sp specificity,
Ac accuracy

Table 3  Comparison of the AUC values for all feature pairs
Sign SC PC BB SB FF GE
SC z 3197 2845 4442 6580  5.891
P 0.003  0.007 0.001 0.002  0.001
PC Z 3197 0.181 1.191 3773 3.406
P 0.003 0.856 0292  0.001  0.002
BB Z 2845 0.181 1.111 3.579 3487
P 0.007 0.856 0.308  0.001  0.001
SB Z 4442 1191 1.111 2782 2.560
P 0001 0292 0308 0.008  0.014
FF Z 6580 3773 3579 2782 0.200
P 0.002  0.001 0.001 0.008 0.902
GE Z  5.891 3406 3487 2560  0.200
P 0001 0.002 0.001 0014 0.902

SC scalloping, PC peripheral cysts, BB broad-based attachment, SB soap-
bubble, FF fluid-fluid level, GE gemstone

Z-test results present as: Z value and p value after FDR control correction

Some MRI features were reported to improve the diagnos-
tic accuracy of CNs [4, 5, 7-12]. The scalloping sign, origi-
nally described by a Japanese scholar, demonstrated higher
accuracy than the soap-bubble sign to distinguish CNs from
other types of intraventricular tumours [7]. In agreement with
Niiro’s point, it exhibited the best diagnostic performance
among the six features included in our analysis. Moreover,
this sign had the highest specificity. In addition, it showed
great inter-rater agreement in our present study, which could
decrease the doubt about its subjectivity [4]. However, its
sensitivity was relatively low, which may be explained by
the fact that it was typically depicted only in the sagittal view
(Figs. 1b and 4c).

The broad-based attachment sign is closely associated with
the site of origin of intraventricular tumours. CNs are derived
from the small grey nuclei of the septum pellucidum or
bipotential progenitor cells in the periventricular matrix
[17-19]. Consequently, they lie alongside the septum
pellucidum or the walls of the lateral ventricle with a broad
base, especially on the superior wall of lateral ventricles. The
broad-based attachment sign had the highest sensitivity in the
present cohort. However, ependymal tumours and astrocyto-
mas are also commonly found in these regions and tend to
show the broad-based attachment sign. Thus, this feature dem-
onstrated a high sensitivity but a low specificity for CN. Of
note, CNs usually have conspicuous borders [20, 21], while
ependymoma and astrocytoma grow aggressively and readily
invade the parenchyma surrounding the ventricles. Therefore,
it is important to observe further the clarity of tumour borders
to differentiate CNs from ependymoma and astrocytoma, after
identifying the broad-based attachment sign.

Up to 85% of CNs have numerous cysts [22], leading to the
excellent sensitivity of the soap-bubble sign in the present
study. However, its specificity was much lower than that of
the periphery cyst sign, which may result from the lack of
details and specifications about cysts’ properties like spatial
distribution, and from the high incidence of multiple cysts
displayed in ependymal tumours and astrocytomas [11].
Cysts of most types of tumours are distributed centrally be-
cause this is the most common site of ischaemia and necrosis.
However, in the present observation, cysts of CNs break this
rule of thumb and tend to be found in the tumour’s periphery.
Therefore, we proposed the concept of the peripheral cysts
sign, which was more specific to CN than the soap-bubble
sign in this study (Fig. 5). Moreover, the peripheral cysts sign
existed in every case with the scalloping sign and was visible
from any view of MR images in this study, which may con-
tribute to its greater sensitivity when compared with the
scalloping sign. In addition, the peripheral cyst sign had the
greatest inter-rater agreement. Based on the aforementioned
results, peripheral cysts sign shows excellent clinical practi-
cality. However, the pathological basis of this sign needs to be
further understood.
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Table 4 Summary of the scores

given by six observers and AUCs Pathology Sign Score AUC
of each MRI sign for the
diagnosis of various tumours 1 2 3 4 5
Central neurocytoma (30) SC 31 22 34 38 55 0.82
PC 18 6 4 17 135 0.75
BB 4 5 3 31 137 0.75
SB 18 6 5 26 125 0.73
FF 86 23 9 20 42 0.66
GE 81 23 12 36 28 0.66
Choroid plexus papillary tumours (10) SC 57 2 0 1 0 0.55
PC 31 6 3 7 13 0.58
BB 18 15 5 11 11 0.59
SB 32 10 4 0 14 0.59
FF 53 1 1 0.56
GE 56 0 1 0.52
Meningioma (18) SC 102 2 0 0.55
PC 80 10 3 5 10 0.58
BB 52 27 9 13 7 0.59
SB 72 8 9 11 0.59
FF 103 1 1 0 0.56
GE 93 2 7 0.52
Ependymal tumour (18) SC 47 25 12 11 13 0.55
PC 19 16 4 13 56 0.58
BB 14 7 8 14 65 0.59
SB 17 11 7 16 57 0.59
FF 63 12 7 14 12 0.56
GE 74 15 2 6 11 0.52
Astrocytoma (22) SC 87 21 8 11 5 0.55
PC 42 16 11 21 42 0.58
BB 14 15 10 42 51 0.59
SB 36 22 11 18 45 0.59
FF 99 15 2 4 12 0.56
GE 80 20 5 14 13 0.52

SC scalloping, PC peripheral cysts, BB broad-based attachment, SB soap-bubble, FF fluid-fluid level, GE

gemstone

Numbers in brackets are the number of cases of each type of tumour. Numbers (a) listed in the table are
frequencies of each score rated by six observers

The solid part of CNs display variable patterns of enhance-
ment after contrast agent administration [4, 8, 9, 21], contrib-
uting little to the differentiation between CNs and non-CNs.
After careful observation, we noticed one or several small
strikingly enhanced areas with well-defined boundaries to
the non-enhanced or mildly enhanced surroundings in CN
on post-contrast T1WI images, which showed a high specific-
ity for CNs. To the best of our knowledge, this feature has not
been described previously, and, therefore, we named the sign
‘gemstone’ in the present study. The pathophysiological
mechanism of this feature was unknown, which might be be-
cause of the unknown existence of capillaries with a peculiar
structure [23] or some cavernous haemangioma-like changes.

@ Springer

The fluid-fluid level sign commonly results from haemor-
rhage [24]. Despite their rich vasculature, CNs bleed infre-
quently, which might in part lead to the lowest sensitivity of
this feature presented in this report. Of note, the fluid-fluid
level sign showed the lowest inter-rater agreement, which
could be due to the tiny fluid-fluid level in small cysts and
lead to its unsatisfactory sensitivity.

Our study has several limitations. We evaluated the diag-
nostic value of six individual characteristic features but not the
value of these six features combined in any form or combined
with general imaging features. Many other types of intraven-
tricular tumours were not included in this study due to their
rarity in our hospital, such as metastatic tumours, melanoma



Eur Radiol (2018) 28:4306-4313

4313

and subependymal giant cell astrocytoma. In addition, no neu-
rosurgeons participated in the study.

In conclusion, in this largest MRI cohort of CN to date,
three new characteristic MRI features of CN were reported,
i.e. ‘peripheral cysts’ sign, ‘fluid-fluid level’ sign and ‘gem-
stone’ sign. The combined six MRI features showed a practi-
cal and positive ability for CN diagnosis and differentiation,
among which the scalloping sign allowed for the best perfor-
mance and the peripheral cysts sign worked promisingly. A
better understanding of these characteristic MRI features in
the context of the age of onset and other general radiological
findings may improve the diagnostic accuracy for CNs.
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