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Abstract
Background Central neurocytoma (CN) represents a rare,
relatively recently described primary central nervous system
tumor. It ranks among intraventricular tumors due to its
predominant location within the lateral brain ventricles. CN
occurs mostly in young adults around the 3rd decade of life;
almost a fifth of the cases are children under 18 years of age.
Objectives The authors present three cases of patients with
histopathologically confirmed CN, emphasizing diagnostic
imaging issues. A review of the literature concerning

differential diagnosis and clinical and therapeutic aspects
is also presented.
Conclusion Literature reports of CN comprise most likely
case reports, small cohorts of patients, and meta-analytic
studies due to the generally low incidence of this tumor. In
the current paper, the authors summarize up-to-date
knowledge of this rare disease on the background of their
own observations. CN should be included in the list for
differential diagnostics of intraventricular brain tumors,
especially those located in lateral ventricles.
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Introduction

Central neurocytoma (CN) represents an uncommon central
nervous system (CNS) tumor usually found in lateral
ventricles of the brain in young adults. It is mostly connected
with good prognosis for the patients. Hassoun et al. [11] in
1982 were the first authors to describe two cases of central
neurocytoma, which was recognized as a separate pathologic
entity for the first time. Since then, the number of literature
reports of this tumor has increased considerably, which
reflects its increasing recognition and importance. To date,
more than 500 cases of CN have been published [17, 24].

According to the available data, CN comprises less than 1%
of all primary CNS tumors (0.25–0.5%) [26]. CN is typically
found in young adults around the third decade of life, almost
75% of described cases occur in patients between 20 and
40 years of age [6]. However, CN can also occur in patients
younger than 18 years or older than 50 years [9, 25]. Children
under 18 years of age are affected in approximately 17% of
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the cases [24]. The incidence in men and women is
approximately the same, although some studies mention slight
male predominance [24].

Regarding the fact that literature data published on this
topic usually represent case studies or small cohorts of
patients, the diagnostics and treatment of this ailment
cannot yet be considered fully established [26].

In the current paper, the authors report three cases of
patients with histopathologically confirmed CN. The aspects
of radiological diagnosis of CN are emphasized together with
differential diagnostic issues of intraventricular tumor lesions.
A brief review of therapeutic management of this rare primary
CNS tumor is also presented.

Case reports

Case 1

The 22-year-old patient had suffered an injury with a
lacerated wound to the head. Subsequent X-ray proved no

injury of the scull but showed intracranial calcifications as
secondary findings. Computed tomography (CT) examina-
tion confirmed a calcified intraventricular mass with obstruc-
tive hydrocephalus. Magnetic resonance (MR) examination
revealed an intraventricular tumor with heterogeneous signal
intensities located in the third ventricle and part of the lateral
ventricles (Fig. 1a–c). By the time of admission to the
neurosurgical clinic, no neurological focal symptoms were
found.

A ventricular endoscopy was performed and Torkildsen
drainage established as an acute treatment for hydroceph-
alus and at the same time a biopsy of the tumor tissue was
performed (Fig. 1d). The histology revealed a tumor
consisting of uniform cells with round nuclei, lumpy
chromatin, and indistinct nucleoli; mitoses were very rare.
The case was diagnosed as a CN. Within the following
4 months, the patient underwent two operations using a
transcortical approach, during which the tumor mass was
subtotally removed. The postsurgery course was compli-
cated by the formation of a lateral ventricle cyst, which was
treated by endoscopic fenestration and internal drainage.

Fig. 1 Central neurocytoma in
the supratentorial brain ventricles.
a MR T2-weighted axial scan
shows a nonhomogeneous tumor
mass with hypointense areas
corresponding to calcifications.
The ventricles are dilated due to
obstructive hydrocephalus; the
frontal horn of the right lateral
ventricle is filled with a cyst of
hyperintense content (arrow). b,
c Sagittal and coronal MR T1-
weighted image after gadolinium
contrast agent administration
with evident nodular enhance-
ment. d CT examination after
ventricular drainage shows strik-
ing calcifications of the tumor.
The drain converges to the trig-
one of the left lateral ventricle
(arrow). Small pneumocephalus
are indicated (arrowheads)

1362 Childs Nerv Syst (2008) 24:1361–1369



The follow-up MR examinations elicited suspicion of a tiny
tumor residuum, without any signs of progression for
15 months at the time of preparation of this manuscript.
Regarding this fact, radiotherapy of the patient was not
indicated by committee decision.

Case 2

The 42-year-old man experienced recurrent headaches for
several months, the sensation of some pressure in the head,
overall animosity, and transient paralysis in the lower
extremities. After neurological investigation, a CT exami-
nation was performed with findings of an intraventricular
mass that caused obstructive hydrocephalus by bilateral
blockade of the Monroe's foramen. The finding was
subsequently confirmed by MR examination (Fig. 2a–c).
The patient was treated surgically; the tumor was subtotally
resected through a left frontal transcortical approach.
Because of the high risk of injury to the deep veins and
fornices, the residuum of the tumor was left in the third
ventricle and a part of the lateral ventricles (Fig. 2d).

Histological examination led to classification of the tumor
as a CN consisting of uniform cells with round centrally
located nuclei and tinted cytoplasm. Mitoses were sporadic
and proliferative activity according to Ki-67 was less than
1%.

After the surgery, a mild expressive fatic disorder and
right-side hemiparesis were noted; however, these sequelae
gradually diminished.

The indicated adjuvant therapy consisted of stereotactic
radiotherapy (54 Gy in 18 fractions). Follow-up MR
examinations 5 and 10 months after irradiation indicate
stationary size and appearance of the tumor residuum and
the patient has remained event free for 18 months since the
initial surgery.

Case 3

A girl, 13 years of age, had complained of back and neck
pain, gradually altered vision, and also sporadic vomitus,
which were assumed to be a gastrointestinal disorder. The
patient underwent ophthalmological examination with the

Fig. 2 MR examination exhibits
CN in a 42-year-oldman. a, b T2-
and T1-weighted axial images
reveal a tumor mass located
predominantly in the left lateral
ventricle. Signal intensities are
considerably nonhomogeneous
due to the presence of calcifica-
tions and small cysts (arrow). c
Sagittal T1-weighted image after
Gd contrast administration dem-
onstrates a marked enhancement
of the tumor. d Postoperative T2-
weighted MR examination in the
axial plane. Small residuum is
seen in the original tumor site
(arrow)
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finding of papilledema; an acute CT examination revealed
an intraventricular tumor (Fig. 3a). The finding was
subsequently confirmed by MR, which showed a tumor
mass located mainly in the right lateral ventricle with
nonhomogeneous signal intensities and mild enhancement
after intravenous gadolinium contrast administration
(Fig. 3b–d). The girl underwent surgical treatment, during
which the tumor was removed through a right frontal
transcortical approach. The resection was stated as
complete by perioperative finding and follow-up MR
examinations (Fig. 4).

The histopathological examination revealed a tumor con-
sisting of uniform cells with round nuclei and smooth
chromatin, synaptophysine positive. Increased mitotic activity
was noted in some parts of the tumor (under 5% according to
Ki-67). The final diagnosis is stated as grade II “atypical” CN
with increased mitotic activity.

No adjuvant radiotherapy was indicated. The patient has
been observed for 5 years after surgery with no clinical or
MR signs of tumor recurrence.

Imaging features

CN is in most of the cases found in an intraventricular
location, situated in the septum pellucidum or the walls of
the lateral ventricles [27]; however, it can also sporadically
occur in an extraventricular location. Lenzi et al. [19]
described an unusual case of intraventricular CN that
massively infiltrated the brain stem and basal ganglia.
There are also a few reports of tumors histomorphologically
identical to CN that were located within the cervical or
thoracic spinal cord [10, 28, 33]. A few authors have also
reported cases of CN with extraventricular secondary
dissemination despite the fact that the primary tumor
exhibited no histopathological signs of malignant potential.
[8, 32].

CT and MR imaging depict CN as a heterogeneous mass,
typically located in the anterior half of the lateral ventricles
in close proximity to the Monroe's foramen, where it often
causes obstructive hydrocephalus. Propagation of the tumor
mass into the 3rd ventricle is less common; only 3% of CN

Fig. 3 CTand MR examinations
showing a central neurocytoma in
a 13-year-old girl. a An acute CT
examination revealed an intra-
ventricular tumor mass with
nonhomogeneous, rather high
density. b Native T1-weighted
MR image. The tumor mass
(arrowheads) is remarkable by a
characteristic “sponge-like”
structure due to the presence of
multiple small cysts. c Coronal
FLAIR image. The tumor is
hyperintense, trenches to both
lateral ventricles (arrowheads). d
Sagittal T1-weighted MR exami-
nation after Gd contrast adminis-
tration. Enhancement is rather
weak, and it occurs predomi-
nantly in the posterior part of the
tumor (arrow)
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occur in the third ventricle as an isolated location [16].
Also, the isolated presence of CN in the 4th ventricle is
only rarely observed and has been described in only a few
case reports [13, 34]. The tumor is usually attached with a
broad base to the roof or lateral wall of the lateral ventricle
[26].

In CT images, the tumor tissue usually appears iso or
hyperdense with variable, largely heterogeneous enhance-
ment after administration of an iodinated contrast agent.
Hypodense cystic areas and calcifications are common and
can be found in about half of the cases [12]. The MR
depiction of the tumor is analogous, showing considerably
nonhomogeneous signal intensities, especially when using
T2 weighting, depending on the content of cysts, calcifica-
tions, and greater vessels [3]. Signal intensities of the tumor
are usually low in unenhanced T1-weighted images; after
gadolinium intravenous contrast injection, variable low to
medium enhancement occurs with respect to the level of
vascularity [16]. This fact agrees with diverse angiographic
findings that can provide images of highly vascular lesions
as well as entirely negative findings.

MR spectroscopy can document elevated levels of
choline to creatine and choline to NAA ratios. Several
studies also mention a signal peak at 3.55 ppm that may
correspond to elevated glycine content [15, 36]. These
findings can be considered comparatively specific for CN;
thus, in this field, MR spectroscopy may contribute to the
improvement of preoperational diagnostics.

Differential diagnosis

The topic of differential diagnosis of intraventricular brain
tumors is rather extensive and accordingly fairly compli-
cated. CT and MR image of several tumor entities is quite
similar, making differentiation disputable or even impossi-
ble; thus, biopsy and histopathological examination may be

the only way to obtain an accurate diagnosis. Nevertheless,
important factors for the correct differential diagnosis based
on imaging methods are the consideration of the patient's
age and the exact localization of the tumor mass within the
brain ventricular system. Central neurocytoma is character-
ized by occurrence within lateral ventricles in young
patients. In terms of CN differential diagnosis, it is
necessary to consider several benign and few malignant
tumors.

Subependymal giant cell astrocytoma, similar to CN
among young patients, is commonly found within lateral
ventricles of the brain [14, 21]. It occurs usually in patients
suffering from tuberous sclerosis; other signs of this disease
should allow the differentiation from CN and formulation
of the correct diagnosis. Subependymoma (Fig. 5) can be
distinguished by weak or no enhancement in postcontrast
CT or MR images; however, a differentiation from CN may
be impossible. A clue for a correct diagnosis may be its
typical incidence in elderly patients [4]. Ependymoma is in
most of the cases located within the 4th ventricle. Supra-
tentorial location is reported in one third of the patients, in
this case with common extension into the periventricular
white matter [22]. Choroid plexus papilloma (Fig. 6) is a
more common finding in childhood than in adults; its
clinical manifestation starts early; the diagnosis is made
before 5 years of age in 85% of the patients. The tumor is
localized in the lateral ventricles of the brain in about half
of the cases; occurrence in the 4th ventricle is more
common in adults [29]. Meningioma is rarely localized
within the ventricular system (less than 5%), but because of
this possibility it is necessary to mention this benign tumor
within the differential diagnosis of CN. It is typically found
in elderly patients in the lateral ventricles or the 4th
ventricle. The finding of meningioma is generally uncom-
mon in childhood; if this occurs, an intraventricular location
of the tumor is relatively more frequent [20]. The lesion, as

Fig. 4 MR examination after
the complete resection of the
CN. a Axial T1-weighted post-
contrast scan. The intraventricu-
lar mass was removed through a
right frontal transcortical ap-
proach. Postoperative meningeal
enhancement is visible in the
right frontal area (arrow) to-
gether with small subdural fluid
accumulation (arrowheads). b
Coronal FLAIR MR image.
Hyperintensity around the right
lateral ventricle (arrowheads)
represents postoperative edema
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in all meningiomas, is characterized by strong homoge-
neous enhancement after contrast medium application in
CT and MR examination [18]. Metastases (Fig. 7) in
ventricular locations can be found more likely in elderly

patients; a clue for a correct diagnosis might be knowledge
of the primary malignancy. Colloid cyst arises usually from
the 3rd ventricle roof; as a pseudotumor lesion it lacks any
postcontrast enhancement. The nomenclature itself suggests

Fig. 6 MR examination reveals
choroid plexus papilloma in a
45-year-old woman. a Axial T2-
weighted image. The tumor is
located within the 4th ventricle
(arrow) with only discrete
hyperintensities. b FLAIR im-
age in the coronal plane. The
tumor is generally isointense
compared with the gray matter
with few tiny hypointense cysts
(arrowheads). Surprisingly, no
ventricles dilatation is present. c,
d T1-weighted axial and sagittal
image after Gd contrast admin-
istration with apparent strong
enhancement of the lesion

Fig. 5 Subependymoma found
on MR examination of a 62-
year-old woman. a Axial T2-
weighted image shows hyperin-
tense tumor mass located in the
frontal horn of the right lateral
ventricle (arrow). The ventricle is
dilated due to the Monroe's fora-
men obstruction. b Mild nodular
enhancement is apparent in the
coronal T1-weighted image after
Gd contrast administration
(arrowheads). Such appearance
is very similar to CN
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a predominantly cystic character of the lesions. The content
of the cysts commonly appears hyperdense in CT images
[1]. Several other lesions like oligodendroglioma or
pilocytic astrocytoma may sporadically be found within
the brain ventricular system. The finding of intraventricular
schwannoma is extremely rare; it has been described in
only a few case reports [2, 7].

Clinical and therapeutic aspects

According to the WHO 2007 classification, CN belongs
among the primary neuronal tumors (ICD-O 9506/1,
WHO grade II). It is a well-differentiated tumor consisting
of a uniform cell population showing immunochemical
and ultrastructural signs of neuronal differentiation.
However, in approximately one fifth of the cases, we find
so-called atypical neurocytoma, which exhibits some
anaplastic signs such as focal necrosis, vascular endothe-
lial proliferation, increased mitotic activity, or hallmarks
of cell atypia. Increased tumor proliferation activity (stated

by Ki-67 labeling index >3%) is considered as a
prognostic sign linked with worse local control of the
disease [23].

The therapy for CN is based on surgical treatment, which
should be as radical as possible, but not at the price of
injury to eloquent structures. As it could be anticipated, the
extent of the resection strongly influences the overall
prognosis for the patients. Complete resection (CTR) is
associated with better consecutive local control of the
disease as well as patient survival compared to incomplete
resection (ITR). Regarding the predominantly intraventricular
location of CNs, the diagnosis is often made after the tumor
reaches large proportions. The tumor tissue usually has a good
vascular supply and frequently infiltrates ventricle walls.
Consequently, CTR is often technically demanding and
sometimes may require a second operation. The choice of
the appropriate surgical approach depends on the tumor
localization within the ventricular system: in general for
lateral ventricle expansion a transcortical frontal or
occipital approach is used, and entry to the 3rd ventricle

Fig. 7 Neuroendocrine tumor
metastasis of unknown origin in
a 60-year-old man. a, b T2- and
T1-weighted axial MR image
showing tumor mass located
within the 3rd and left lateral
ventricle (arrowheads). Signal
intensities are close to the gray
matter. c Coronal T1-weighted
MR scan after Gd contrast ad-
ministration demonstrates inter-
mediate inhomogeneous
enhancement. d The lesion is
hyperdense in native CT image,
which is due to the high
cellularity of the tumor
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provides an interhemispheric transcallous approach [30, 31,
35]. Disturbance of the cerebrospinal fluid circulation may
appear as another surgical complication, which subsequently
requires additional surgical intervention.

Adjuvant radiotherapy following surgical tumor resec-
tion is another treatment option. As a consequence of the
low incidence of CN, there are no randomized clinical
studies that allow an evaluation of the role of adjuvant
radiotherapy following neurosurgery. The current knowl-
edge of the optimal treatment management is mostly based
on retrospective evaluation of rather small groups of patients,
thus resulting mainly from meta-analyses. Therefore, the
optimal role of adjuvant radiotherapy in CN treatment is still
being assessed.

The therapeutic recommendations have been summarized
in the largest worldwide study to date by Rades and Schild
[24]. They analyzed more than 400 previously described
cases of CN according to age of the patients, radicality of the
resection (CTR vs. ITR), and biological nature of the tumor
(typical vs. atypical CN). In patients after CTR, no
statistically significant benefit of radiotherapy was docu-
mented in terms of overall outcome and local control. In
incompletely resected CNs in adults, adjuvant radiotherapy
significantly improved local control of the tumor as well as
overall survival for both typical and atypical CNs. For
typical CN, a 50–54-Gy dose is sufficient, while for atypical
lesions a higher dose of 56–60 Gy is required. An alternative
for radiotherapy may involve stereotactic radiosurgery in
cases of small residua [5]. In children, radiotherapy after
ITR improved local control of the disease but did not
significantly affect the overall survival; only a trend to
better outcome was observed [24]. However, the con-
clusions made for pediatric CN were based on a limited
number of cases and warrant further evaluation. Thus, the
application of adjuvant radiotherapy should be considered
with regard to the tumor biology, patient's age, radicality
of preceding surgical resection as well as to the potential
neurotoxicity of the radiotherapy and the overall patient's
performance.

Chemotherapy is not widely used; there are no long-term
results of this treatment available, which should accordingly
be considered entirely experimental.

Conclusion

CN represents an uncommon, relatively recently described
tumor, which is usually found in young adults within the
lateral ventricles of the brain. Because of the generally
small rate of CNs among CNS tumors, the lesion has been
described only in the form of case reports and small sets of
patients. In the present paper, we report three case studies,

review the literature, describe neuroimaging issues, and
discuss differential diagnostics and treatment management
of CN.
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