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CLINICAL REPORT
BRAIN

MR Imaging of Cerebral Extraventricular
Neurocytoma: A Report of 9 Cases

K. Liu, G. Wen, X.-F. Lv, Yan-Jia Deng, Yong-Jian Deng, G.-Q. Hou, X.-L. Zhang, L.-J. Han, and J.-L. Ding

ABSTRACT

O=

SUMMARY: Extraventricular neurocytomais a rare entity, most frequently occurring in brain parenchyma outside the ventricular system.

The purpose of this study was to characterize the MR imaging findings in a series of 9 patients with EVN verified by results of pathologic

examination. All 9 EVNs were solitary and intracranially located. Eight lesions were well demarcated, and 3 showed intratumoral hemor-

rhage. The solid parts of 7 tumors were primarily isointense on Tl-weighted images and heterogeneously enhanced on TIWI with contrast.

Although cerebral EVNs can present a wide spectrum of appearances on MR, the imaging patterns appear to vary according to anatomic

location and cellularity. Lesions in frontal or parietal lobes often present as well-demarcated large masses with cystic degeneration,

hemorrhage, mild-to-moderate edema, and inhomogeneous enhancement. Moreover, the general isointensity of the solid parts of EVN on

TIWI may be of some specificity.

ABBREVIATIONS: CN = central neurocytoma; EVN = extraventricular neurocytoma; WHO = World Health Organization

Ns were first described by Hassoun et al in 1982' and are
uncommon benign tumors of the CNS. Such tumors
typically arise within the lateral ventricles of young adults. Ex-
traventricular CN has been termed “EVN.” Although this entity
shows biologic behavior and histopathologic characteristics sim-
ilar to those of CNs, it was proposed as an International Classifi-
cation of Diseases-O code (9506/1), according to 2007 WHO clas-
sification,” identical to that of CN.
The defining histologic feature of EVN is its composition of
monotonous neoplastic cells with round, regular nuclei embed-
ded in the neuropil,>* which usually resembles oligodendrogli-
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oma and other tumors.>>° The diagnosis of EVN can be aided by
imaging features, such as a well-defined tumor margin and “dot-
ted” calcifications on CT scan.”

To date, on the basis of clinical or histopathologic fea-
tures, approximately 70 cases of this entity have been
reviewed.* %> Only a few radiologic studies emphasizing the
CT and MR imaging findings of EVN are available, how-

ever’7,14720

and only in scattered case reports and small series. We
report 9 cases of cerebral EVN, the largest collection of EVNs

among the radiologic studies of this entity in the literature to date.

MATERIALS AND METHODS

Our study was approved by our institutional review boards. We
retrospectively reviewed MR and CT images, results of pathologic
examinations, and clinical data of 9 patients (4 women and 5 men;
16-59 years old; median age, 40 years) diagnosed with EVN at our
institution from 2005 to 2011. The diagnosis of EVN was estab-
lished on the basis of the combination of histologic and immuno-
histochemical evidence of neurocytoma and an extraventricular
location proved at surgery.

All 9 patients underwent pretreatment MR examination, and 3
underwent pretreatment CT examinations. MR imaging was per-
formed on 7 patients by using a 1.5T scanner (Magnetom VP;
Siemens, Erlangen, Germany), and 2 patients were studied by
using a 3T scanner (Signa Excite, GE Healthcare, Milwaukee, Wis-
consin). Pregadolinium T1WI (TR, 450—600 ms; TE, 12—-16 ms),
T2WI (TR, 4500-5500 ms; TE, 100—20 ms), and gadolinium-
enhanced (0.1-0.2 mmol/kg) TIWI were acquired. Noncontrast
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FIG1. MRimages of a 33-year-old man with atypical EVN of the right frontal lobe. A, Axial precontrast TIWI shows a well-demarcated large mass
in the right frontal lobe (small arrows), isointense to gray matter dotted with small foci of hyperintensity representing hemorrhage (large
arrow). B, Axial T2WI reveals mixed hyperintense to hypointense components with moderate peritumoral edema. C and D, Axial and sagittal
postcontrast TIWI demonstrate a mass with uneven and patchy enhancement. A small focus of infiltration adjacent to the mass is noted in
corpus callosum (arrow, D). E, Hematoxylin and eosin staining shows the composition of monotonous small tumor cells with regular round
nuclei, and mitosis (arrow). F, Results of immunohistochemical assays demonstrate Ki-67 > 30%.

(n = 3) and contrast (n = 2) CT images were obtained by using a
section thickness of 3 mm, 120 kV, and 150-200 mAs before and
after the intravenous administration of contrast agent (300 mg
I/mL; 1.5-2.0 mL/kg; Omnipaque, GE Healthcare).

All the MR and CT images were retrospectively reviewed by 2
neuroradiologists blinded to histologic diagnosis, and decisions
were reached by consensus. Specific imaging features included
location, size, internal architecture, margin, focal infiltration,
perilesional edema, attenuation, signal intensity, and enhance-
ment of the tumors. The degree of perilesional edema/enhance-
ment of the solid part of each tumor was classified as none, mild,
moderate, or extensive/strong.

RESULTS

Clinical Data

Patient symptoms included headache (n = 5), dizziness (n = 3),
visual abnormality (n = 3), seizures (n = 1), vomiting (n = 1) and
hypodynamia of limbs (n = 1). Duration of symptoms ranged
from 2 weeks to 16 years at diagnosis. Total resection was per-
formed in 7 patients, and 1 received subtotal resection. The sur-
gical history of 1 patient was unavailable. To date, except for 2
patients lost to follow-up, all remaining patients are alive. The 1
patient who underwent subtotal tumor resection was alive with
remnant tumor, and recurrence was confirmed by CT and MR
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examination in 1 patient. No evidence of recurrence was observed
in the other 5 patients.

Imaging Findings

All lesions were solitary. Two were located in the frontal lobe (Fig
1), and 1 each was found in the parietal lobe (Fig 2), temporal lobe
(Fig 3), thalamus, hypothalamus, tectum of midbrain, pineal, and
sellar/suprasellar region (Fig 4).

Tumors ranged from 1.8 to 8.6 cm in greatest diameter, with a
mean diameter of 4.7 cm. The mean diameter of the frontal and
parietal lesions was 7.2 cm. Seven of 9 lesions were well-demar-
cated solid (n = 2) or complex (n = 5) masses of either ovoid (n =
3) or irregular (n = 4) shape. One tumor was small, ovoid, and
purely cystic. One tumor presented solely as swelling of the tec-
tum of the midbrain with no distinct margin. Focal infiltrations
were noted in the cavernous sinus and optic chiasma adjacent to
the sellar lesion (Fig 4C), and in the corpus callosum adjacent to
the frontal tumor (Fig 1D).

On TIWI, 3 lesions showed complex hyperintense areas rep-
resenting hemorrhage (Figs 1A and 2A), and 5 showed hypoin-
tense cystic degeneration. The solid parts (including the cyst wall
of the purely cystic case) of 7 lesions were predominantly isoin-
tense with small hyperintense and/or hypointense foci compared



FIG 2. MR images of a 43-year-old woman with EVN of the right parietal lobe. A, Axial TIWI shows a hypointense well-demarcated large mass
(small arrows) with hyperintensity of its central area due to hemorrhage (large arrow). B, Axial FLAIR image shows a heterogeneous hyperintense
mass with only slight peritumoral edema. C and D, Coronal and sagittal postcontrast TIWI show mild inhomogeneous “zebra-like” enhancement
of the solid portion. E, Hematoxylin and eosin staining shows extensive microcystic change.

with gray matter (Figs 1A and 4A). Two showed hypointensity of
the solid parts (Figs 2A and 3A). In comparison, the signal inten-
sity was more heterogeneous and predominantly hyperintense on
T2WI and FLAIR images in all 9 lesions (Figs 1, 2, and 4). Perile-
sional edema was noted in 4 patients (3 moderate and 1 mild).

Contrast-enhanced T1WI demonstrated heterogeneously
mild (n = 2, Fig 2C, -D), moderate (n = 3, Fig 1C, D), or strong
(n =2, Fig4C) tumoral enhancement. The enhancement patterns
included “rim and ringlike,” “ringlike with mural nodular,”
“patchy” (Fig 1C, -D), and “zebra” (Fig 2D). No obvious enhance-
ment, compared with adjacent brain tissue, was noted in 2 cases
(Fig 3C, -D). Calcification was confirmed on CT in 2 of 3 patients
studied, and the solid parts of the tumors showed intermediate
(n = 2) or slightly increased attenuation (n = 1, Fig 4D).

Pathology Findings

All'9 EVN specimens were composed of monotonous tumor cells
containing regular, round nuclei, as revealed by light microscopy
(Figs 1E and 2E). Positive antibody reactions to synaptophysin,
glial fibrillary acidic protein, chromogranin A, neuronal nuclear
antigen, and neurofilament were 100%, 66.7%, 57.1%, 66.7%,
and 57.1%, respectively. One case was identified as atypical EVN
with a labeling index for Ki-67 greater than 30% (Fig 1F).

DISCUSSION

The first EVN was reported by Ferreol et al in 1989'° as an ex-
tremely rare neoplasm. This entity, corresponding to WHO
Grade II tumor, has gained increased recognition over the past 2
decades. Although no exact incidence of EVN has been reported,
upon review of approximately 7000 patients with intracranial tu-
mors admitted to our institutions within the same period as our
series, we estimated the incidence of cerebral EVN to be 0.13%.
EVN occurs in patients between 2 and 76 years of age (median age,
34 years), and children and young adults are more frequently
affected. EVNs show no obvious sex predilection.* Our series of 4
women and 5 men, ranging in age from 16 to 59 years (mean, 36.9
years), is consistent with the literature.

The clinical presentation of cerebral EVN is usually nonspe-
cific, depending primarily on the location of the tumor and
whether it exerts a mass effect. Patients usually present with head-
ache, seizures, diplopia, and Vomi'[ing.“’9 Visual impairment
(which was present in our case of sellar/suprasellar EVN) oc-
curred in only 2 other cases reported in the literature.”*® The visual
impairment was secondary to the invasion of optic nerve and/or
optic chiasma by tumor.

Although EVN has been reported in almost every extra-
ventricular CNS site, the most common tumoral location is the
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FIG 3. MR images of a 20-year-old woman with EVN of the right temporal lobe. A, Axial TIWI
shows a homogeneous hypointense lesion located deep in the right temporal lobe. The tem-
poral horn of right lateral ventricle is displaced (arrow). B, Axial T2WI image shows markedly
hyperintense signal within the lesion approaching that of the CSF. No obvious perilesional
edema is observed. C and D, Axial and coronal postcontrast TIWI show no obvious enhance-
ment.

The distinct immunohistochemical fea-
ture of EVN is strong and diffuse synapto-
physin immunoreactivity,* which is helpful
in confirming the diagnosis. Histologically
atypical EVNs exhibit a MIB-1 labeling in-
dex of >2% or atypical histologic fea-
tures.*'" Such EVNsare extremely rare,and
fewer than 20 cases have been reported."?

Available studies on the MR imaging
features of EVN are scarce. We found and
reviewed a total of 55 cases of intracranial
EVNss (cerebellar cases were not included)
with specific radiologic descriptions in neu-
roimaging literature to date. According to
previous findings, EVN frequently presents
as a well-demarcated (25/33, 75.8%) mass
of the frontal (20/55, 36.4%) or parietal lobe
(11/55, 20%), with cystic degeneration (32/
55, 58.2%), perilesional edema (17/33,
51.5%), calcification (13/38, 34.2%), and
hemorrhage (5/24, 20.8%). The tumor usu-
ally shows nonspecific signal intensity, var-
ious degrees and patterns of enhancement
(37/40, 92.5%; 3 [7.5%] showed no en-
hancement; 21 of 32 (65.6%) were hetero-
geneously enhanced), and variable appear-
ance depending on the cellularity.'* Thus,
the radiographic appearance of EVN is sim-
ilar to that of low-grade pilocytic
astrocytoma.®>'*'¢

Most of these findings parallel our se-
ries, because a well-defined margin was
seen in 8 of our 9 (88.9%) cases. Six
(66.7%) showed cystic degeneration, 3 re-
vealed hemorrhage (33.3%), and 4

frontal lobe, followed by the parietal, temporal, and occipital (44.4%) showed perilesional edema. Mild to strong enhancement
lobes.*'> Unusual intracranial locations include the thalamus ~ Was noted in 7 (77.8%) cases. In addition, new findings in our
and hypothalamus,™® pons,?' sellar region,”® pineal gland,'” and  series concerned focal infiltration and complex internal architec-
base of the skull.?* The location diversity of EVN mentioned in ture, isointensity of the solid part on TIWI, and nonenhancement

other studies™®?*? is also confirmed by our series. of some tumors.

FIG4. MRand CTimages of a40-year-old man with EVN of the sellar and suprasellar region. A, Axial TIWI shows a lesion with primarily isointense
signal. B, Axial T2WI shows a mixed isointense to hyperintense lesion. C, Coronal postcontrast TIWI demonstrates the heterogeneously strong
enhancement of the lesion and the transverse infiltration toward vascular structures on both sides (arrows). D, Axial precontrast CT image shows
a lesion with slightly increased attenuation and small foci of decreased attenuation of cystic degeneration.
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Although the margin in most of our tumors of cerebral paren-
chyma was generally well defined, focal infiltration (scarcely men-
tioned in previous reports*>?) occurred in the corpus callosum
adjacent to 1 lesion, which also exhibited Ki-67 > 30%, histolog-
ically identified as an atypical EVN. This finding suggests that
atypia or high mitotic index, previously recognized as a poor

prognostic sign,*'"'?

may also be responsible for aggressive char-
acteristics such as an infiltrative pattern on MR images. This in-
filtration observed on MR may predict recurrence after surgery.
Another case demonstrated complex intratumoral architecture,
inhomogeneous rim-like and ring-like enhancement, diffuse in-
tratumoral hemorrhage, and moderate perilesional edema. These
findings parallel 2 cases in Yang et al’s series,” supporting the
diagnosis of a high-grade lesion such as glioblastoma on MR im-
aging. Therefore, prior reports concluding that EVN radiograph-
ically has a low-grade appearance may not apply to all cases.

General isointensity or slight hyperintensity on TIWT of the
solid part of EVN (7/9 cases, 77.8%; including the cyst wall of the
pineal case), is distinct from the hypointensity found in glioma.
Along with intermediate or slightly increased CT attenuation,
these signs are usually found in CN** (100% in the 8 cases in
Wichmann et al’s study®®) and may correlate with the compact
regularity of tumor cell arrangement seen in both EVN and CN.
This hypothesis may be further supported by the increased signal
intensity of these 2 tumor types on DWL,”%° for attenuated cellu-
larity of tumor tissue may lead to restricted diffusion according to
previous studies.””*® By contrast, our 1 case of solid tumor that
was hypointense on TIWT showed extensive microcystic change
by light microscopy, suggesting that the MR signal intensity and
CT attenuation of EVNs are dependent upon their cellularity.

Total lack of enhancement was observed in 2 of our cases
(28.6%) with surgically proved poor blood supplies. This con-
firms previous findings of nonenhancing hypovascular extraven-
tricular neurocytoma.'>*’

Although EVN appears to possess a wide spectrum of imaging
patterns, especially with regards to size and shape, lesions located
in either the frontal or parietal lobes tend to show radiographic
consistency, both in our series and in previous reports: a well-
demarcated, large (7.2 £ 1.5 cm) mass with cystic degeneration,
mild-to-moderate edema, intratumoral hemorrhage, and hetero-
geneous enhancement. In addition, EVN of the sellar/suprasellar
region in our series exhibited focal infiltration of the cavernous
sinus and optic chiasma but remained “nonaggressive” on results
of histologic examination. Both previous cases in the literature of
sellar EVNSs also showed focal cavernous sinus invasion but re-
mained nonaggressive on results of histologic examination.””®
Therefore, this invasive growth pattern, which contradicts that of
EVNs of cerebral parenchyma, may be a feature of sellar lesions.
Unfortunately, neither of the previous studies mentioned a pos-
sible underlying mechanism. To our knowledge, pilocytic astro-
cytoma, a typically well-circumscribed cerebral tumor when it
arises within the optic chiasm, can exhibit similar peripheral in-
filtrative extension but remain nonaggressive on results of histo-
logic examination because of the lack of clear demarcation be-
tween tumor and normal tissue.’>?! Perhaps the same locational
feature, ie, the lack of demarcation (which usually confines tumor
growth and helps to form a well-defined margin) may be respon-

sible for the infiltrative growth pattern of EVN in the sellar and
suprasellar regions. Moreover, our pineal EVN presented as a
small mass with purely cystic architecture, which mimics the only
other previous case of pineal EVN ever reported.'” These findings
suggest that the imaging patterns of EVN may vary according to
anatomic location.

The differential diagnosis of EVN should include oligoden-
droglioma, astrocytoma, dysembryoplastic neuroepithelial tu-
mor, pituitary adenoma, and congenital pineal cyst. From a ra-
diologic perspective, EVN mimics both low- and high-grade
astrocytoma and oligodendroglioma because of its shape and high
incidence of cystic degeneration and calcification. Be that as it
may, compared with EVN, oligodendrogliomas and astrocytomas
usually lack a well-defined margin,” and the solid parts of these
tumors are primarily hypointense on TIWI and demonstrate de-
creased attenuation on CT.

EVN sometimes shows neither enhancement nor perilesional
edema, especially in the temporal lobe, and thus mimics dysem-
bryoplastic neuroepithelial tumor on imaging.'>*® The charac-
teristic cortical location of dysembryoplastic neuroepithelial tu-
mor, however, may be of differential significance. EVN of the
sellar/suprasellar region should be differentiated from pituitary
adenoma, because the latter seldom shows increased CT attenua-
tion and heterogeneous enhancement on contrast-enhanced im-
ages. In addition, congenital pineal cyst should also be included in
the differential diagnosis because EVN may present as a pure cyst
in the pineal region. The intracystic hemorrhage and hyperintense
signal of the intracystic fluid on FLAIR may suggest the diagnosis
of EVN."

Limitations of our study lie in the lack of the diffusion-
weighted and spectroscopy data of EVN. Two cases of EVN with
diffusion-weighted imaging have been reported; one indicated
increased signal intensity of solid tumor.” This may be related to
the compact regularity of tumor cell arrangement in that in-
creased cellularity is considered to be responsible for restricted
diffusion of tumors in a number of studies.?”*® By contrast, the
other case, with no diffusion restriction, showed much looser cell
arrangement by light microscopy, which is different from the con-
ventional histologic feature of EVN.?* Thus, ADC and DWI of
EVN may consequently be of some differential diagnostic value,
because restricted diffusion is less obvious in some tumors (eg,
pilocytic astrocytoma,”® which mimics some EVNs on conven-
tional MR images).

To date, there are 3 MR spectroscopy studies of EVN, and
strongly decreased or no NAA peak and prominent choline peak
were shown.'®?° Presence of NAA, which has been noted as a
possible characteristic feature of CN both in vivo and in vitro,>? is
not prominent in EVN, possibly because even the highly differen-
tiated cells of EVN may be too immature to produce NAA."
These findings may further suggest that EVN is a different type of
tumor from CN.'®

CONCLUSIONS

Cerebral EVN can occur in diverse intracranial sites. It appears to
possess a wide spectrum of imaging patterns on MR and CT,
which may vary according to cellularity and anatomic locations
(especially in the pineal and sellar/suprasellar regions). EVN le-
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sions of the frontal or parietal lobes tend to show radiographic
consistency (ie, a well-demarcated, large mass with various de-
grees of cystic degeneration, mild-to-moderate perilesional
edema, frequent intratumoral hemorrhage, and inhomogeneous
enhancement). Moreover, the general isointensity on TIWI and
intermediate or slightly increased CT attenuation exhibited by the
solid parts of these tumors may be of some differential
significance.
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