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Calcifying Pseudoneoplasms of the Neuraxis: CT,
MR Imaging, and Histologic Features

BACKGROUND AND PURPOSE: Non-neoplastic, calcified, fibro-osseous lesions known as “calcifying
pseudoneoplasms of the neuraxis” (CAPNON) are rare and can occur anywhere within the neuraxis.
The radiologic and histopathologic characteristics of this unusual entity are not well understood. We
present the largest series reviewing the MR imaging features of CAPNON.

MATERIALS AND METHODS: The MR and CT imaging features in 4 patients with a pathologic diagnosis
of “calcifying pseudoneoplasms of the neuraxis” were retrospectively reviewed. A neuropathologist
also analyzed the histopathologic features for typical and atypical patterns.

RESULTS: Imaging features were strikingly similar for all 4 patients. All lesions appeared T1 and T2
hypointense without vasogenic edema. All tumors had dense calcification, and 3 tumors showed
minimal linear internal or rim enhancement on MR imaging.

CONCLUSIONS: CAPNON may mimic more common vascular malformations or neoplasms and are
often not considered in the differential diagnosis of calcified lesions. CAPNON should be included in
the differential diagnosis of a calcified mass with marked T1 and T2 hypointensity and limited to no
enhancement. Careful CT and MR imaging evaluation can suggest this entity, and this preoperative

As their name suggests, calcifying pseudoneoplasms of the
neuraxis (CAPNON) are non-neoplastic, calcified lesions
occurring anywhere in the central nervous system. These le-
sions can be intra-axial or extra-axial and have been reported
to occur in the brain and spine with similar frequency (Table
1). Since the original pathologic description by Rhodes and
Davis,' there have been approximately 32 reported cases.””
We found 32 additional cases reported in the literature: 11
spine CAPNON and 21 intracranial CAPNON. Of the intra-
cranial lesions, most were extra-axial and were located at the
skull base. Fight cases of intra-axial CAPNON are reported,
and, as in our 3 patients, most of these patients presented with
seizures (Table 1).

Previous reports are primarily in the neurosurgery and pa-
thology literature and inconsistently describe the radiologic
appearance; only 1 study presents MR imaging features in 2
patients.® Although the nature of CAPNON is unclear, a reac-
tive rather than a hamartomatous process has been favored.”
The outcome is often considered to be excellent, and gross
total removal of the lesion seems to be curative.

Histopathologic features of CAPNON include variable
amounts of fibrous stroma, spindle to epithelioid cells palisad-
ing around a chondromyxoid matrix, ossifications, foreign-
body giant cells, and occasional psammoma bodies.'® It is in-
teresting to note that the spectrum of these changes and the
presence of each component in published examples show
marked variations. Thus, some may resemble tumoral calci-
nosis, whereas others are similar to a rheumatoid nodule or
osteoma.'’!
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recognition may help subsequent management decisions.

From a radiologic standpoint, CAPNON may resemble a
number of neoplastic and non-neoplastic lesions, and correct
recognition of the lesion may help avoid overtreatment or ob-
viate additional costly procedures. The goal of this study was
to provide additional observations on radiologic and patho-
logic features of CAPNON to help identify the characteristics
that may allow preoperative recognition. Our series is the larg-
est collection of cases with MR imaging to date.

Materials and Methods

Patients
After approval by our institutional review board, the department of
pathology archives were reviewed to identify all fibro-osseous lesions
that could be classified as calcifying pseudoneoplasms. Four such
cases were identified at our institution during a period of 10 years.
After review of pathologic features in these 4 patients, the clinical and
imaging characteristics were analyzed. MR imaging scans were re-
viewed for all 4 patients. CT scans were available for 3 patients, with
diagnostic angiography in the fourth patient.

We also reviewed the MR imaging findings, pathologic findings,
and clinical presentation of 2 additional patients reported in the lit-
erature by Shrier et al.®

Imaging Protocol

Multidetector CT was performed on an 8- or 16-detector scanner
(Lightspeed; GE Healthcare, Milwaukee, Wis). Noncontrast axial im-
ages were obtained from the vertex to the skull base with 2.5-mm
section thickness, 120 kV, and 230 to 300 mAs.

All preoperative MR images were acquired with twol.5T MR im-
aging systems. Our standard preoperative STEALTH protocol
(Medtronic, Minneapolis, Minn.) for a surgical navigation system
includes axial 3D fast spin-echo T2-weighted and axial 3D spoiled
gradient-recalled echo (SPGR) after intravenous administration of
gadopentetate dimeglumine (0.1 mmol/kg). Imaging parameters for
the axial 3D fast spin-echo T2-weighted imaging include TR, 3000 ms;
TE, 100 ms; and NEX, 1. Imaging parameters for the 3D SPGR include
TR 34 ms; TE, 3 ms; flip angle, 35°% NEX, 1, with 1-mm section thickness
and matrix of 256 X 192.



Table 1: Reported cases of intracranial and spinal CAPNON*

References Pt No. Age/Sex Location CT Performed Presentation
Rhodes & Davis, 1978 1 27/F R frontal No HA
2 55/F Brain, dura No Autopsy finding
3 60/M L cerebellum No Autopsy finding
4 74/F Brain, dura No Autopsy finding
5 46/M Choroid No Autopsy finding
6 62/M Pineal No Autopsy finding
7 83/M Brain, dura No Autopsy finding
Jun, 1984 8 55/M Corpus callosum Calc HA, NV
Garen, 1989 9 44/M Dura, Meckel cave Calc Atypical facial pain
Bertoni, 1990 10 31/M Jugular foramen No HA, hoarseness
il 50/M Foramen magnum No Neck pain
12 48/M Skull base/cerebellum No R CN XI paralysis
13 23/M Spine, T10 No Back pain
14 58/M Spine, C2-3 No Back pain
15 32/M L frontal No Epilepsy
16 45/F Skull base No CN paralysis
17 58/M Skull base No Hoarseness
18 12/M Spine, C6 No Pain
19 32/M Spine, L4-5 No Back pain
20 33/F Spine, T9 No Back pain
21 68/F Spine, L4-5 No R hip pain
22 20/F Spine, C2 No Incidental
23 56/F Spine, L4-5 No Back pain
Smith, 1994 24 48/M Spine, L2-3 No Sciatica
Tsugu, 1999 25 22/F R parietal Calc Seizures
Tatke, 2001 26 6/M L temporal Calc Seizures
Qian, 1999 27 33/F L temporal Calc Developmental delay
28 49/M Spine, C1 & clivus No Weakness
29 59/M Spine, C1-2 No Shuffling gait
30 47/F Frontal lobe Calc Seizures

Note:—CAPNON indicates calcifying pseudoneoplasms of the neuraxis; calc, densely calcified mass seen on CT; CN, cranial nerve; HA, headache; N/V, nausea and vomiting; L, left; R,

right.

*This table includes an additional 30 patients from the literature with intracranial and intraspinal CAPNON.

Other preoperative and postoperative imaging included our stan-
dard brain tumor protocol on both 1.5T and 3T MR imaging systems.
This protocol includes axial T2-weighted and axial spin-echo T1-
weighted imaging performed before and after the administration of
gadopentetate dimeglumine (0.1 mmol/kg). Imaging parameters for
axial dual-echo T2-weighted sequence include TR, 2500 ms; TE, 30
and 80 ms; and NEX, 0.75. Imaging parameters for T1-weighted im-
aging were TR, 600 ms; TE, minimum; and NEX, 2. Both are obtained
with 5-mm section thickness (skip, 1 mm) and 256 X 192 matrix.

Image and Pathology Review

On review of CT and MR imaging, tumor location, size, calcification,
T1 and T2 signal intensity characteristics, extent of vasogenic edema,
and enhancement patterns were noted. Our neuropathologist also
reviewed the histopathologic characteristics after gross total
resection.

Results

Imaging features were strikingly similar in our 4 cases. In all 4
cases, the MR imaging scans demonstrated markedly hypoin-
tense signal intensity on both T1- and T2-weighted images,
with no vasogenic edema. Minimal linear internal enhance-
ment or partial rim enhancement was seen in 3 of the 4 cases,
and there was no enhancement in 1 case. The 3 intra-axial
masses demonstrated dense calcification on CT scan, whereas
dense calcification was also noted on the diagnostic angiogram
in the fourth case. Otherwise, the results on diagnostic angio-
gram were normal. The MR imaging features in our 4 patients

with CAPNON, in addition to the 2 previous cases reported in
the literature, are summarized in Table 2.

All patients underwent complete resection (primary resec-
tion in 3 cases and secondary resection in 1 case) of the calci-
fied mass with a histopathologic diagnosis of “fibro-osseous
lesion.” The patients ranged in age from 16 to 59 years with 3
male and one female patient. Three adult patients presented
with a history of long-standing seizures, and 1 lesion was
found incidentally in the youngest patient, who had a head
CT scan for trauma. Our fourth patient initially presented
with seizures and underwent craniotomy at an outside hospi-
tal 19 years ago. He required no additional treatment until
he presented again to our institution with left arm and leg
numbness.

The first case, an incidentally found lesion, was a 3.2-cm
extra-axial intraventricular mass (Figure 1). The remaining 3
patients with a history of seizures had intra-axial brain masses,
ranging in size from 1 cm to 1.8 cm, located in the right pari-
etal lobe near the postcentral gyrus, in the left hippocampus
(Fig 2), and in the right temporal lobe, respectively. Preoper-
atively, the intra-axial temporal lobe lesions mimicked cavern-
ous malformations or densely calcified neoplasms such as ol-
igodendroglioma or ganglioglioma on the basis of their CT
and MR imaging appearance. The intraventricular mass mim-
icked a meningioma but prospectively was thought to repre-
sent a pseudoneoplasm because of the lack of enhancement.
The right parietal lesion had previously been resected 18 years
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Table 2: MR imaging features of intracranial CAPNON*

Pt No. Age/Sex Presentation Location Size (cm) TIWI T2wWI Enhancement
1 16/M Incidental Temporal horn, extra-axial 35 Hypo Hypo Internal linear C+
2 35/M Seizures Temporal, intra-axial 2 Hypo Hypo Internal linear C+
3 49/F Seizures Hippocampus, intra-axial 1 Hypo Hypo No C+

4 59/M Left arm numbness Parietal, intra-axial 1 Hypo Hypo Rim C+

Shrier et al 32/F Incidental Temporal, intra-axial 0.8 Hypo Hypo Rim C+

Shrier et al 59/M Neck pain Foramen magnum, extra-axial 2 Hypo Hypo Heterogenous solid

Note:—Hypo, indicates hypointense; C+, enhancement. All lesions showed dense calcification on CT; T1WI, T1-weighted imaging; T2WI, T2-weighted imaging.
*This table includes our 4 patients and 2 additional patients reported in the literature.

Fig 1. Typical radiologic features of extra-axial CAPNON. A, Noncontrast CT scan shows a densely calcified mass in the right temporal horn. B, Axial T2-weighted MR image shows a
uniform T2 hypointense mass centered in the right temporal horn. C, Axial T1-weighted postgadolinium sequence illustrates marked T1 hypointensity with scattered linear areas of
enhancement that correspond to the strands of T2 hyperintensity. This appearance was seen in both of our larger lesions and may correspond to the vascular stromal elements seen within

these lesions.

Fig 2. Typical radiologic features of intra-axial CAPNON. A, Noncontrast CT scan shows a left hippocampal mass with attenuated calcification. B, Coronal T2-weighted sequence
demonstrates T2 hypointensity with a nodular border. C, Coronal T1-weighted sequence shows the typical T1 hypointensity. Preoperatively, this lesion was thought to represent a cavernous
malformation. In retrospect, the nodular contour on T2 and lack of internal T2 hyperintensity would be atypical for a cavernous malformation of this size.

previously, with a “benign” pathologic appearance and no
specific diagnosis.

Histopathologic Evaluation
All lesions demonstrated extensive calcifications and a chon-

dromyxoid matrix with an amorphous quality; they also har-
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bored a variable amount of spindle to epithelioid cells rim-
ming the chondromyxoid matrix and fibrolamellar nodules
(Fig 3). The spindle and epithelioid cells surrounding the ma-
trix showed positive staining with antibodies against epithelial
membrane antigen (EMA) and did not show any staining with
antibodies against S-100 protein, glial fibrillary acidic protein,



Fig 3. Typical histopathologic features of CAPNON. A, The typical chondromyxoid matrix of CAPNON (H&E, original magnification X 100). B, Focal osseous metaplasia is seen in all 4 cases
(H&E, original magnification X100). C, Medium-power magnification of the chondromyxoid matrix and the peripheral spindle cells (H&E, original magnification X200). D, Immunohisto-
chemical analysis for EMA demonstrating positive staining in the spindle cells surrounding the matrix (EMA immunohistochemistry, original magnification x200).

smooth muscle actin, or CD68. Foreign-body—type reaction
with scattered giant cells was noticed in 2 of the lesions.

In addition to the typical histopathologic features, case 1
showed extensive confluent psammomatous calcifications
both within the lesion as well as the adjacent choroid plexus
with osseous metaplasia. There was reactive fibroblastic pro-
liferation and meningioangiomatosis in the surrounding tis-
sue (Fig 4). Case 2 demonstrated architectural disarray and

dysplastic changes in the adjacent neuropil with abnormal
neuritic processes. There were balloonlike neurons as well as
bizarre cells adjacent to the lesion, reminiscent of focal cortical
dysplasia. Case 3 demonstrated a 0.5-cm calcified mass remote
from the lesion in the overlying dura that was interpreted as
focal osseous metaplasia. The tissue adjacent to the lesion
showed scattered psammoma bodies and metaplastic bone.
Case 4 demonstrated foci of hemosiderin-laden macrophages;

Fig 4. Atypical and unusual features of CAPNON. A, Areas of coalescent concentric lamellar calcifications without intervening chondromyxoid matrix or cells (H&E, original magnification
%100). B, More basophilic amorphous lamellar calcifications without intervening chondromyxoid matrix and with rare meningothelial cells (H&E, original magnification X100). C, Adjacent
cortical region showing meningioangiomatosis (H&E, original magnification x200). D, Surrounding parenchyma with prominent perivascular lymphocytic infiltrates and Rosenthal fibers

(H&E, original magnification x200).
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granulation-tissue—type changes; and marked piloid gliosis
with Rosenthal fibers in the surrounding tissue, which may
have been related to the earlier surgical procedure. This lesion
also had focal perivascular lymphocytic infiltrates and meta-
plastic bone formation in the adjacent neuropil.

Discussion

CAPNON are rare lesions, with less than 30 cases reported in
the literature. They do not seem to have a predilection for sex,
age, or central nervous sytem location."”>*>° The patient age
ranges from 12 to 83 years.”™'® Most reported lesions have
been extra-axial, but several intra-axial cases have also been
reported.”” The lesions seem to be slow growing with present-
ing symptoms related to local compression or irritation of
adjacent tissues. The underlying cause of CAPNON remains
unknown, and complete surgical resection seems to be
curative.”

The “classic” histopathologic features in CAPNON include
a distinctive set of common elements: 1) typical chondromyx-
oid matrix in a nodular pattern; 2) palisading spindle to epi-
thelioid cells; 3) variable amounts of fibrous stroma; 4) calci-
fication, osseous metaplasia, and scattered psammoma bodies;
and 5) foreign-body reaction with giant cells.'® The presence
of each component is highly variable in individual lesions, and
some examples may not show all of the elements above. Three
of our patients had some of the above elements, and only 1
patient had all of these classic features. It has been suggested,
but not proven, that CAPNON may develop as a healing re-
sponse to an array of inciting factors, which can account for
the variations in histopathologic features. The causal factors are
notyet understood, but response to possible trauma, infection, or
inflammation has been proposed. The tissue of origin most likely
includes the arachnoid or fibroblasts in the choroid plexus
stroma, but this has not been conclusively proven either.'

On the basis of previous reports, the radiologic differential
diagnosis of these intracranial and intraspinal calcifying le-
sions can be broad. The primary differential consideration for
the extra-axial CAPNON at the skull base is meningioma, but
some authors have also included chordoma, chondrosarcoma,
and vestibular schwannoma.> However, our series suggest that
this differential can be narrowed on the basis of MR imaging
features. Specifically, the uniform T2 hypointensity without
enhancement would be unusual for chordoma, chondrosar-
coma, or vestibular schwannoma.

Important differential considerations for intra-axial calci-
fied masses include calcifying neoplasms such as ganglio-
glioma and oligodendroglioma, vascular lesions such as cav-
ernous malformation, and infections such as tuberculosis.
Intraventricular masses can also raise the possibility of choroid
plexus tumors, meningioma, or ependymal tumors. Our small
series suggests that important MR imaging features may allow
the radiologist to suggest CAPNON in the differential diagno-
sis. CT images of CAPNON typically show solid attenuated
calcifications, and the MR imaging often shows a well-defined
lesion that is uniformly hypointense on both T1- and T2-
weighted images without surrounding edema. In our cases,
only minimal linear internal or rim enhancement was present.
The larger lesions (cases 1 and 2) best demonstrated the more
serpiginous internal enhancement, which has been hypothe-
sized to represent the vascular or stromal characteristic of
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these lesions (Fig 1).° None of our cases demonstrated solid
enhancement. However, an extra-axial mass presented by
Shrier et al® in the foramen magnum (Table 2) did show more
solid enhancement, mimicking meningioma. None of our le-
sions showed significant surrounding edema. Our fourth case
had surrounding T2 signal intensity, thought to represent gli-
osis from previous surgery, given the lack of mass effect. How-
ever, both cases presented by Shrier et al® did have surround-
ing T2 prolongation thought to represent edema. Further
investigation would be needed to identify the “typical” en-
hancement or pattern of edema in these rare lesions.

When considering the differential for calcifying intra-axial
or extra-axial lesions, the uniform T1 and T2 hypointensity
without solid enhancement is a key distinguishing feature.
Calcified lesions with heterogeneous T2 signal intensity or T2
hyperintensity are more likely to be a calcified neoplasm and
inconsistent with CAPNON. All of our cases and the previous
2 reported cases had uniform T2 hypointensity. Calcified le-
sions with the typical popcorn “T2 hyperintensity” and hemo-
siderin ring are more consistent with cavernous malformation
and also distinguish themselves from CAPNON. Finally, the
lack of solid enhancement helped to distinguish our intraven-
tricular tumor from a meningioma or choroid plexus tumor.

Conclusions

In summary, CAPNON are rare, possibly reactive lesions that
can occur as either extra-axial or intra-axial masses. Although
the typical histopathologic features can be observed in most
cases, some examples may be unusual and may be confused
with calcified meningioma or tumoral calcinosis. Although
the cause and pathogenesis are unclear, the histopathologic
appearance is distinctive along a spectrum, and the imaging
features can suggest the diagnosis. CAPNON should be con-
sidered in the imaging differential diagnosis when a heavily
calcified lesion is found on CT, with hypointensity on T1-
weighted and T2-weighted MR images, minimal linear rim or
serpiginous internal enhancement, and limited to no edema. It
is important to consider this entity to avoid aggressive surgical
or diagnostic procedures.
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