CASE REPORT

Calcifying Pseudoneoplasms of the Neural

Axis. Report of Three Cases

Kalcifikujici pseudoneoplazma nervového systému — tfi kazuistiky

Abstract

Calcifying pseudoneoplasms of the neural axis (CAPNONA) are rare lesions that have been
reported in both intra/extra-axial locations intracranially, and in extra-axial locations in the
spinal region. Central loss of signal on T1/T2-weighted images with enhancement following
contrast administration is most commonly observed on magnetic resonance imaging, how-
ever, the histopathological composition of CAPNONA is diverse which may be reflected in
the imaging findings. We present three cases of CAPNONA detected by MRI and confirmed
by histological evaluation, and the largest review of the MRI characteristics of these lesions
to date.

Souhrn

Kalcifikujici pseudoneoplazmata nervového systému (CAPNONA) jsou vzacné léze, které byly
popsédny v intra- i extraaxidlnich lokalizacich intrakranialné a v extraaxidlnich lokalizacich
ve spindlni oblasti. Charakteriskym znakem na magnetické rezonanci je centralni vypadek
signdlu na T1 a T2 vazenych obrazech s postkontrastnim zvyraznénim po aplikaci kontrastni
latky. Nicméné histologicka skladba muze byt rlznorodd, coz se v zobrazeni mdze odrazit.
Predkladame tfi kazuistiky CAPNONA, které byly detekovany pomoci MR a potvrzeny histolo-
gicky. Kazuistiky jsou dopInény rozsahlym prehledem literatury s MR charakteristikami téchto
|ézi, jak byly dosud popsény.
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Fig. 1a. T2-weighted TSE sequence. A hypointense nodule is visible within a
wedge-shaped lesion in the angular region.

Fig. 1b. Post-contrast T1-weighted SE sequence shows an area of nodular en-
hancement attached to a hypointense lesion.

Fig. 1c. Post-contrast T1-weighted SE sequence six months after resection of
the lesion. Minimal enhancement was detected in the resected region.

Introduction

Calcifying pseudoneoplasms of the neu-
ral axis (CAPNONA), or fibro-osseous le-
sions as they are alternatively known,
are rare, tumor-like lesions that have
been reported to occur in both intra-axial
(IA) and extra-axial (EA) locations intra-
cranially, and in EA locations in the spi-
nal region. Due to their rarity, CAPNONA
are seldom considered in the differential
diagnosis of atypical brain or spinal lesi-
ons. These lesions carry an excellent pro-
gnosis and are generally curable by surgi-
cal resection. We present three cases of
CAPNONA detected with magnetic reso-

nance imaging (MRI) and confirmed by
histological evaluation.

Case Reports

Case 1

A 46-year-old male with a three-year his-
tory of headache suffered a skull fracture
at the age of eleven in the right parietal
region following a blow to the head with
a sharp metal object. Current neurological
examination did not reveal any abnorma-
lities. MRI at 1.5T showed a wedge-sha-
ped lesion in the right angular region with
increased signal intensity and central hy-
pointense areas on proton-density- (PD)

amorphous stroma with partial calcification.

and T2-weighted images (Fig. 1a). The
wedge-shaped region had significantly
decreased signal intensity on T1-weigh-
ted images, suggestive of a pseudocys-
tic lesion. Internal nodular enhancement
was observed after contrast agent admi-
nistration (Fig. 1b). Due to the ambiguous
character of the clinically symptomatic le-
sion, microsurgery with navigation was
recommended. During the surgery a bony
fragment approximately 8 x 10 x 20 mm
was observed as the plate of the skull was
lifted off. The fragment was adherent to
and extended 20 mm into the brain paren-
chyma. Gross and intraoperative microsco-
pic inspection of the MRI-enhancing no-
dule revealed a fibrous stroma filled with
numerous small calcifications. Histological
examination showed a chondromyxoid
matrix in a nodular pattern, calcification
and osseous metaplasia, scattered psam-
moma bodies, palisading spindle cells, fo-
reign-body-like reaction with giant cells
and a fibrous stroma (Fig. 2). The post-
operative course of the patient was un-
eventful. The patient reported the cessa-
tion of his headaches and MRI six months
after surgery demonstrated total removal
of the lesion (Fig. 1¢).

Case 2

A 43-year-old female presented with
recurrent pain in the lumbar region with
radiation to both legs along the dorsal
aspect. She had undergone surgery of
the lumbar spine two years previously
for isthmic spondylolisthesis and a herni-
ated disc at L5/S1. MRI at 1.5T showed
a small nodular extradural lesion at the
level of L3. The lesion was hypointense
on T1-, T2- and PD-weighted images
(Fig. 3). No contrast agent was adminis-
tered. During the microsurgery a small,
calcified nodule approximately 5 mm
in diameter was removed. The nodule
was attached to one of the nerve roots
accompanied by small tortuous vessels
supplying a vascularized fibrous stroma.
Histological examination revealed a cal-
cified lesion consisting of primitive bone
trabeculae and islets of choroid tissue in
a moderately cellular matrix, scattered
psammoma bodies and a fibrous stroma.
The pathologist confirmed the diagnosis of
CAPNONA. The postoperative course
of the patient was uneventful. MRI ten
months after the surgery showed no evi-
dence of recurrence.
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Fig. 3a. T1-weighted TSE sequence showing a small hypointense nodule at the
level of L3 (arrow).

Fig. 2b. T2-weighted TSE sequence showing the same hypointense nodule
(arrow).

Fig. 4a. T1-weighted MP-RAGE sequence. A large post-surgical defect may be
seen in the left frontal region.

Fig. 4b. T2*-weighted FLASH sequence reveals a small hypointense lesion wi-
thin the defect.

Fig. 4c. CT image acquired one day later, following application of subdural
strip and grid electrodes. A calcified (500 HU) lesion in the left frontal region
is visible. Strip and grid electrodes are visible on the left, and pneumocephalus
may be seen anteriorly.

Case 3

A 23-year-old male was referred due to
refractory epilepsy. At ten years of age he
suffered an episode of serous meningitis
and developed epilepsy two years later.
At the age of fifteen a pial AVM in the
left frontal region was diagnosed and re-
sected. Following the surgery the patient
has been seizure-free for four years, after
which time the seizures recurred. CT and
MRI examination revealed a calcified le-
sion in the post-resection area with sur-
rounding gliosis (Fig. 4). MRI was acqui-
red at 1.5T and revealed a hypointense
lesion on T1-, T2- and PD-weighted ima-
ges. No contrast agent was administered.
During the surgery a large area of gliosis
was identified and resected. The resected
area included calcified tissue measuring
approximately 7 x 6 x 2 mm, in contact
with the frontal horn of the left lateral
ventricle. Histological examination of the
calcified tissue showed palisading spindle
to epithelioid cells, calcification and os-
seous metaplasia with primarily adipose
bone marrow, and a fibrous stroma. The
pathologist confirmed the diagnosis of
CAPNONA. The patient had two seizures
during the first week following the sur-
gery, and since that time (11/2009) is
seizure-free.

Discussion

First described by Rhodes and Davis in
1978 [1], only 45 cases of CAPNONA
have been reported [1-18]. CAPNONA
have been reported more in males than
females (1.5:1) and in ages ranging from
6-83 years (27 male, 18 female; mean
age at diagnosis 47.4 years, SD 17 years)
(Table 1).

The histopathological characteristics
of CAPNONA are diverse. Aiken et al. [2]
summarized the typical findings as the
variable appearance of 1. a typical chon-
dromyxoid matrix in a nodular pattern;
2. palisading spindle to epithelioid cells;
3. variable amounts of fibrous stroma;
4. calcification, osseous metaplasia, and
scattered psammoma bodies; 5. and fo-
reign-body reaction with giant cells. Only
one of our cases demonstrated all five fin-
dings. Calcification, osseous metaplasia,
scattered psammoma bodies, and a vari-
able amount of fibrous stroma were seen
in all three of our cases.

MRI findings in CAPNONA have been
previously reported [2,4,7-15] and may
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Table 1. CAPNONA - Reported Cases.

Case . Previous
References No. Age Sex Location T1WI T2WI PDWI Contrast Trauma/
/Surgery
?g;’ges &Davis, 4 7 R Frontal lobe, IA * * * * No
2 55 F Cranial dura, EA * * * * *
3 60 M L cerebellum, EA * * * * *
4 74 F cranial dura, EA * * * * *
5 46 M choroid plexus, 4th ventricle * * * * *
6 62 F pineal leptomeninges, EA * * * * *
7 83 M cranial dura, EA & & & & &
Jﬁ;gi‘ Burdick, 8 55 M corpus collosum, EA * * * * trgi;a
Garen et al., 1989 9 44 M R trigeminal cave, EA & & & & &
Bertonietal., 1990 10 31 M skull base, EA * * * * *
11 50 M skull base, EA @ 2 @ & @
12 48 M R cerebellar tonsil, 1A * * * * *
13 23 M T10, EA * * * * *
14 58 M C2-C3,EA * * * * *
15 32 M frontal lobe, 1A & & & & &
16 45 F skull base, EA * * * * *
17 58 M skull base, EA * @ @ & @
18 12 M Co6, EA * * * * *
19 32 M L4-L5, EA * * * * *
20 33 F T9, EA * * * * *
21 68 F L4-L5, EA * * * * *
22 20 F C2, EA * * * * *
23 56 F L4-L5, EA * * * * *
11\/|9095§r etal, 24 68 M C7-T1, EA iso hyper * fim C+ *
Smith&Berry, 5 45 12-13, EA * * * no C+ ves,
1994 surgery
Shrier et al.,, 1999 26 32 F L temporal lobe, I1A hypo hypo * rim C+ *
rim & he-
27 59 M foramen magnum, EA hypo hypo * terogene- *
ous C+
Qianetal, 1999 28 33 F L temporal lobe, I1A * * * * *
29 49 M upper cervical/Clivus, EA * * * * *
30 59 M C1-C2, EA * * * * *
31 47 F frontal region, IA & & & & &
Tsugu etal.,, 1999 32 22 F R parietal lobe, IA * * * * no
Chang etal.,, 2000 33 60 M C2, intraosseous hypo hypo * rim C+ *
Mayr et al., 2000 34 58 M T10-12, EA hypo hypo * rim C+ *
35 63 M C3-C4, EA hypo hypo * * *
Tatke et al., 2001 36 6 M L temporal lobe, IA * * * * *
E'éga;do el 37 40 M T8-T9, EA hypo hypo * no C+ *
;{(o)ggguez etal, 38 67 F R cerebellar hemisphere, IA hypo hypo * rim C+ *
Park etal., 2008 39 59 F C7-T1, EA iso iSO * rim C+ *
. internal li-
Aiken et al., 2009 40 16 M R temporal horn, IV hypo hypo * near C+ *
internal li-
41 35 M R temporal lobe, 1A hypo hypo * near C+ *
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References No. Age  Sex
42 49 F
43 59 M

Montibeller et al., 44 67 F

2009
Tong et al., 2010 45 67 F

present report 46 46 M
47 43 F
48 23 M

* Not reported

Location T1WI T2WI

L hippocampus, 1A hypo hypo

R parietal lobe, 1A hypo hypo

R inferior colliculus, EA iSO hypo
L4-L5 EA * *

R angular region, 1A hypo hypo

L3, EA hypo hypo

L frontal region, 1A hypo hypo

CAPNONA: Calcifying Pseudoneoplasms of the Neural Axis; IA: intra-axial; IE: extra-axial; IV: intraventricular; TIWI: T1-weighted ima-
ges; T2WI: T2-weighted images; PDWI: proton-density-weighted images; hypo: hypointensity; hyper: hyperintensity; iso: isointensity;
C+: contrast enhancement; T: trauma; S: surgery; HET: heterogeneous; HOM: homogeneous; NOD: nodular

Previous
PDWI Contrast Trauma/
/Surgery
* no C+ *
* rim C+ yes,
surgery
. homoge- "
nous C+
* * *
nodular yes,
hypo C+ trauma
* yes,
hypo surgery
* yes,
LiEe surgery

be summarized as 1. central low signal
intensity on T1/T2/PD-weighted images
consistent with calcification, and 2. va-
riable post-contrast enhancement, most
often seen as peripheral rim enhance-
ment. There may be a single focus or mul-
tiple foci of low signal intensity reflecting
the heterogeneous nature of calcification
reported in these lesions.

Some exceptions to these typical fin-
dings have been reported. Moser et
al. [10] reported central T1 isointensity
with a margin of slightly increased signal,
and central T2 hyperintensity. At surgery
the lesion was found to be fluid-filled.
Park et al. [11] reported central isointen-
sity on T1/T2-weighted images; the pa-
thology report indicated that the mass
was semi-solid and contained only scat-
tered calcification. Montibeller et al. [9]
also presented a case with central T1 is-
ointensity; the lesion was shown to be
of low cellularity and only partially cal-
cified. All three of the cases we present
showed central hypointensity in all ima-
ging sequences.

When a contrast agent has been admi-
nistered, peripheral rim enhancement is
most often reported and reflects the pre-
sence of a well-developed fibro-vascular
stroma [2,8,11,13,14]. Internal enhance-
ment has been reported to occur as ho-
mogeneous [9], heterogeneous [14], or
linear [2], and lesions showing no en-
hancement have been reported as
well [2,7,15]. A contrast agent was only
administered in one of our patients and

showed a nodular pattern of internal
enhancement.

The differential diagnosis of calcified
intra- and extra-axial lesions is broad,
but can be significantly narrowed by re-
viewing the medical history of the patient
and by careful observation of the location
and imaging characteristics of the lesion.
To the best of our knowledge, CAPNONA
have never been reported to occur wi-
thin the spinal cord. It would appear from
the limited amount of data available that
CAPNONA occur in three spaces (IA-In-
tracranial, EA-Intracranial, EA-Spinal), and
within each of these three spaces with
approximately equal frequency (Table 1).

Primary neoplasms such as oligoden-
drogliomas, choroid plexus papillomas,
ependymomas, astrocytomas, meningio-
mas, and craniopharyngiomas may all
present as calcified intracranial mas-
ses [19] and should be included in the
differential diagnosis. Other calcifying
intracranial processes may also be con-
sidered such as chronic hematomas, va-
scular malformations, and tuberculoma.
In the spine, the differential diagnosis of
a calcified mass should include herniation
of calcified disc material, calcified synovial
cyst and psammomatous meningioma,
followed by less frequently calcifying pro-
cesses such as epidural abscess, chronic
hematoma and tuberculoma.

CAPNONA are often considered to be
a reactive, metaplastic response to injury
[1,3,12,13,16]. A history of trauma or sur-
gery was only reported in five cases previ-

ously, being positive in three [2,6,15] and
negative in two [1,18]. All three of our
patients had a history of previous trauma
(case 1) or surgery (cases 2 & 3), and in
two of these cases this directly impacted
the region where CAPNONA later mani-
fested. In one of our cases the previous
surgery was at the level of L5/S1 and
CAPNONA later manifested at the level of
L3. Thus, our cases lend further support
to a reactive hypothesis.

In conclusion, CAPNONA are rare, be-
nign lesions that have been reported in
IA and EA locations intracranially and in
EA locations in the spinal region. The his-
topathological composition of these le-
sions is diverse, which may be reflected
in the imaging findings. Finally, conside-
ring the history of trauma or surgery in
the cases presented here and in those
reported previously in the literature, it
would appear that in at least some cases
CAPNONA are a reactive, metaplastic
response to injury.
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PERSONALIA

Vysoké statne vyznamenanie prof. Danielovi

Bartkovi

Prezident Slovenskej republiky udelil vy-
soké 3tatne vyznamenanie RAD LUDO-
VITA STURA prof. MUDr. Danielu Bart-
kovi, PhD., DrSc, FAAN, FRSM, FAHA,
FESO, Cestnému c¢lenovi American Aca-
demy of Neurology, American Heart As-
sociation and American Stroke Associa-
tion (Premium Professional Member)
a dalSich 11 vyznamnych zahrani¢nych
odbornych spoloc¢nosti, ¢estnému cle-
novi Slovenskej, Ceskej i Ceskoslovenskej
lekarskej spolocnosti a dalSich za mimo-
riadne zasluhy a vysledky pre rozvoj ve-
deckého poznania v oblasti medicinskych
vied a osobitne neuroldgie.

Z predloZenych 212 néavrhov bolo toto
vyznamenanie udelené 15 navrhovanym,
z toho trom in memoriam a dvom v ob-
lasti mediciny.

Srde¢ne blahozelame

Prof. Bartko: Uprimne dakujem
vsetkym.

Vysoké vyznamenanie povazujem za oce-
nenie vsetkych mojich byvalych aj sucas-
nych spolupracovnikov, mojej alma mater,
minulej aj terajSej, celej nasej slovenskej,
Ceskej aj byvalej ceskoslovenskej neuro-
l6gie a pribuznych odborov, mojej rodiny
a priatelov doma i v zahranici. Sme taki, aki
sme, a preto niekedy verime aj v zazraky.
Takym zéazrakom je nevidany rozvoj neu-
rologie a neurologickych vied vseobecne.
Sme svedkami toho, Ze najvyznamnejsie
vysledky techniky exploatuje najma neuro-
|6gia a neurovedy, Ze niektoré oblasti neu-
rologickych vied, ktoré boli pred pér desiat-
kami rokov na pokraji vedeckého zaujmu
neurolégov, sa stali pre nich nejatraktiv-
nejSimi a prindsaju nové, progresivne, pro-
vokujuce revolu¢né vysledky tak v oblasti
vedeckého poznania, ako aj ich implemen-

tacie pre klinickd prax. To je mohutny zdroj
permanentnej stimuldcie ndsho mozgu
a jeho perfektnej plasticity. Ni¢ vsak ne-
mozno dosiahnut bez boja. Boj je otcom
i krdlom v3etkého, z jednych robi bohov,
z druhych fudi, z jednych otrokov a z dru-
hych slobodnych (Herakleitos). Kto chce
nieco dosiahnut, a naozaj to chce, kto bo-
juje, pomaha mu vsetko, cely vesmir, aby
to dosiahol. Nech sa ndm a nasej neurolo-
gii nadalej darf, nech su doterajsie vysledky
mohutnou a mnohostrannou stimulaciou
nasho mozgu. To umozni, aby nam ner-
vové bunky nadalej dobre fungovali a Zlazy
endokrinné nevysychali. To prajem ndm
vsetkym, nasej neuroldgii, nasej medicine,
nadmu zdravotnictvu aj nadej spolo¢nosti.
Dakujem Vam, priatelia. Som rad, Ze som
medzi Vami, ze som s Vami, Ze som tu.

D. Bartko
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