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ARTICLE INFO ABSTRACT

Background: Calcifying pseudoneoplasm of the neuraxis (CAPNON) is a very rare tumor with fewer than 70 cases
reported in the literature. In general, this tumor occurs intracranially either within the brain parenchyma or in
an extra-axial location, but it has also been described within the spine as an extra-axial lesion.

Keywords:
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P;trl(l)rlrjlastoid Case Description: We describe an unusual case of intracranial-extradural CAPNON involving the mastoid region.
Zalllci ﬁca;eiormors This may be only the second such case reported in the literature, as one patient with CAPNON has been reported

involving the sinonasal region. Our patient was managed with surgical resection through a translabyrinthine
approach with good early result.

Conclusions: We describe an unusual case of extradural CAPNON involving the mastoid bone. It appears that
when located extradurally, this tumor may have a predilection for the bony sinuses. This little-known, generally
benign entity can mimic more common lesions such as meningiomas, and should be considered in the differential

diagnosis of skull base tumors, particularly when associated with heavy calcification.

1. Introduction

Calcifying pseudoneoplasm of the neuraxis (CAPNON) is a very rare
tumor with fewer than 70 cases reported in the literature [1-3]. In
general, this tumor occurs intracranially either within the brain par-
enchyma or in an extra-axial location, but it has also been described
within the spine as an extra-axial lesion [1,4]. One exceptional case has
been reported involving an extradural lesion of the skull base with
anterior fossa sino-nasal extension [5]. We describe a second in-
tracranial-extradural case involving the mastoid region. This little-
known, generally benign entity can mimic more common lesions such
as meningiomas, and should be considered in the differential diagnosis
of skull base tumors, particularly when associated with heavy calcifi-
cation [6,7].

2. Case description

We describe a 39-year-old woman in good health with no significant
previous medical history. She presented with a three-week history of

sudden hearing loss in her right ear with associated intrusive right-
sided tinnitus. Audiogram demonstrated a mild-moderate asymmetric
high frequency sensorineural hearing loss on her right side with a pure
tone average of 22 dB. The patient had normal hearing in her left ear.
An MRI of her brain (Fig. 1A-D) revealed subtle contrast enhancement
of the dura along and just inferior to the right internal auditory canal
(IAQ).

A CT scan of the temporal bone (Fig. 1E, F) showed a focal cir-
cumscribed lucent abnormality with an internal calcified matrix located
in the region of the pars nervosa of the jugular foramen on the right
side. The patient was initially treated with steroids, which improved her
tinnitus, but symptoms recurred immediately upon cessation of the
steroids with no change in her asymmetric high frequency hearing loss.

The patient underwent an infracochlear Giddings-Brackmann ap-
proach with open biopsy of the lesion, which did not return a diagnosis.
She was managed conservatively for 3 months, but sensorineural
hearing loss progressed to severe with decline in pure tone average to
55dB in the affected ear. Follow-up MRI and CT demonstrated pro-
gression of the lesion, which now involved the IAC and cochlea, with

* Corresponding author at: Duke University Law School, 210 Science Drive, Box 90362, Durham, NC 27708, United States.

E-mail address: kevin.kallmes@duke.edu (K.M. Kallmes).

https://doi.org/10.1016/j.clineuro.2018.01.010

Received 16 November 2017; Received in revised form 3 January 2018; Accepted 8 January 2018

Available online 12 January 2018
0303-8467/ © 2018 Elsevier B.V. All rights reserved.


http://www.sciencedirect.com/science/journal/03038467
https://www.elsevier.com/locate/clineuro
https://doi.org/10.1016/j.clineuro.2018.01.010
https://doi.org/10.1016/j.clineuro.2018.01.010
mailto:kevin.kallmes@duke.edu
https://doi.org/10.1016/j.clineuro.2018.01.010
http://crossmark.crossref.org/dialog/?doi=10.1016/j.clineuro.2018.01.010&domain=pdf

E.S. Nussbaum et al.

new erosion of the carotid canal in the petrous apex. She was offered a
translabyrinthine approach for resection based on the location of the
tumor inferior to the IAC and superior to the jugular bulb.

2.1. Intraoperative management
At the time of the resection, an extradural lesion involving the

mastoid bone was encountered above the jugular bulb and was re-
moved up to the inferior border of the IAC (Fig. 2). The involved bone
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Fig. 1. A: Axial T1 post-contrast image demonstrates
linear enhancement along the walls of the right in-
ternal auditory canal (arrows). B: Coronal T1 post-
contrast image demonstrates linear enhancement
along the walls of the right internal auditory canal
contiguous with an enhancing lesion just inferiorly in
the right petrous apex (arrows). C: Axial FIESTA T2-
weighted sequence demonstrates a faintly hyper-
intense lesion in the right petrous apex adjacent to
the basal turn of the cochlea (arrow). D: Axial T1
post-contrast image demonstrates enhancement
within the lesion (arrow). E: Axial temporal bone CT
image demonstrates a circumscribed lucent lesion
with calcified internal matrix in the right petrous
apex adjacent to the basal turn of the cochlea
(arrow). F: Coronal temporal bone CT image de-
monstrates the lucent lesion with internal calcified
matrix extending from the inferior aspect of the right
internal auditory canal down to the pars nervosa of
the right jugular bulb (arrows).

was moth-eaten in appearance, gray-white, and softer than normal
bone. Postoperatively, the patient’s symptoms of imbalance and vertigo
completely resolved; postoperative CT and MRI showed complete sur-
gical resection of the lesion with no residual enhancing tissue; the dural
sinuses were patent (Fig. 3). She experienced an expected loss of
hearing on the right side due to resection of the labyrinth for exposure
of the lesion. She has been fitted with a contralateral routing of sound
(CROS) hearing aid.
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Fig. 2. Intraoperative photograph of the CAPNON tumor.

2.2. Histology

Cytological tumor evaluation revealed extensive irregular miner-
alized material with compressed stroma staining for hematoxylin and
eosin. Macrophage marker CD68 shows scant staining of stroma and
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nonspecific reactivity in the mineralized material. Cytokeratin immune
staining was negative. Immune stain for epithelial membrane antigen,
which is seen in the majority of meningiomas and in epithelial pro-
liferations, was also negative (Fig. 4).

3. Discussion

CAPNON was first described by Rhodes and Davis [1,6]. Since then,
fewer than 70 cases have been reported in the literature [1-3,6]. Our
case may be only the second description of this tumor occurring in an
extradural location involving the bone of the skull base. A single case
reported by Fletcher et al. described bone infiltration and dehiscence of
the left ethmoid sinus and the lamina papyracea of the cribriform plate
[5]. The lesion in our case also involved the skull base, was located
extradurally involving the right petro-mastoid region, and was asso-
ciated with infiltration and dehiscence of the mastoid sinus. Bone ero-
sion extended to and involved the IAC.

In general, CAPNON tumors are fibrous-osseous lesions occurring in
men and women of all ages; however, fifty percent of cases have been
reported in patients between 40 and 60 years old, with a slight male
predominance. Similarly, these lesions are more common in the brain
than the spine. The etiology of CAPNON tumors is uncertain and

Fig. 3. A and B: Postoperative CT showing changes
of mastoidectomy with expected post-operative air-
fluid level in the mastoidectomy cavity. There was
complete surgical resection of the lesion. C: T2
weighted MRI showing postoperative changes of
mastoidectomy with fluid in the resection cavity. D.
Post-operative CE-T1 weighted MRI shows no re-
sidual enhancing tissue. The dural sinuses are patent.
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Fig. 4. A: Hematoxylin and eosin cytology preparation demonstrating irregular, mineralized material, 200 x magnification; B: Hematoxylin and eosin histological, 200 X magnification,
showing compressed stroma; C: Hematoxylin and eosin staining, 200 X magnification, demonstrating stroma adjacent to mineralized material; D: CD68 immunohistochemical stain.
Macrophage marker CD68 showing scanty staining of stroma and nonspecific reactivity in mineralized material; E: Cytokeratin cocktail, demonstrating negative immunostain pro-
liferation; F: Histological section showing stroma adjacent to mineralized material. Negative immunstain for epithelial membrane antigen, seen in the majority of meningiomas and

epithelial proliferations.

possibly various; it might represent a reactive fibro-osseous prolifera-
tion or a neoplasm of unclear cellular origin with self-limited growth
potential [1]. A review of the literature reveals that, when these lesions
occur intracranially, there is a relatively higher incidence of intra-axial
lesions with a predilection for the dura at the base of the skull (see
Table 1) [1,4,8]. Out of 64 patients with reported data, 27 were female
(42.2%), and the average patient age was 45 years (range: 6-74).
Common symptoms were seizure (14/64, 21.9%) back, neck, or hip/leg
pain (14 patients, 21.9%), and headache (4, 6.2%). Forty-one patients
(64.1%) had intracranial lesions, of which 34 were intra-axial (82.9%);
4 were in the craniovertebral junction and 17 were in the spine
(26.6%). One lesion from our review was found in the skull base (1.6%)
and our lesion was found in the mastoid region (1.6%).

Of these lesions, 34 were completely resected (53.1%), 9 were
partially resected (14.1%), 5 were treated medically (7.8%), and 16
were not treated (25%). Complications were rare; apart from autopsy
discoveries and unreported outcomes (27 patients, 42.2%), 31 patients
had completely resolved symptoms (31/37, 83.8%), while 6 had on-
going symptoms (16.2%). All other symptom, location, treatment, and
outcome data are summarized in Table 2.

It seems that the slow-growing, non-neoplastic, non-metastatic,
bony-infiltrative characteristics of this tumor can be attributed to its
chondromyxoid-like matrix features. Within the matrix, there is a
strong fibrous stroma cell structure composed of palisading spindle and
epithelioid cells, which is one of CAPNON’s histologically distinctive
features. Other histological characteristics of CAPNON consist of: fi-
brous stroma, calcification, osseous metaplasia, scattered psammoma
bodies, and foreign body type reaction with giant cells. These histolo-
gical features are occasionally similar to more common lesions such as
meningioma, vestibular schwannoma, chordoma, and chondro-sar-
coma, among others [4,7].

Radiologically, CAPNON appears as a solid calcified lesion with
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mixed low signal intensity on CT scan and uniform hypointensity on T1
and T2 weighted imaging MRI sequences. MRI hypointensity has been
described in almost 80% of cases on T1-weighted sequences, and in
90% on T2-weighted images. There are rare reports of isointensity on
both T1 and T2 [4,7,8].

From the surgical point of view, gross total resection remains the
treatment of choice for this lesion. If complete resection is difficult or
dangerous, subtotal resection should be attempted to obtain histo-
pathological diagnosis. Notably, Kwan et al. reported a single case of
thoracic CAPNON which resolved both radiographically and sympto-
matically after treatment with oral non-steroidal anti-inflammatory
agents [9]; therefore, despite the failure of steroids in our case, they can
be useful as an initial treatment attempt. Currently, there is little evi-
dence of the efficacy of radiation or chemotherapy for treating
CAPNON.

The majority of reported cases have a benign course after complete
or subtotal surgical excision, although recurrence is possible following
partial resection. For example, Bertoni et al. described a case in which a
tumor, following partial removal, recurred with multiple areas of bony
involvement at the level of the cerebellopontine angle region, jugular
foramen, vertebral canal, and oropharynx [7]. Our case suggests that,
despite the commonality of sinus lesions, CAPNON can also be found in
the mastoid region, and especially if the IAC is involved, a translabyr-
inthine approach can be used safely and with good outcomes.

4. Conclusions

We describe a rare case of CAPNON involving the extradural mas-
toid region. This little known, generally benign entity can mimic
common skull base lesions and should be considered in the differential
diagnosis, particularly when associated with heavy calcification.
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Table 2
Summary of Symptoms, Locations, Treatments, and Outcomes from CAPNON Literature Search.

Clinical Neurology and Neurosurgery 166 (2018) 99-106

Symptoms, n (%) Location Treatment Outcome
Seizure 14 (21.9%) Intracranial, intra- 34 (53.1%) Surgical resection 34 (53.1%) Resolved 31 (48.4%)
axial

No symptoms: incidental or autopsy 8 (12.5%) Intracranial, extra- 7 (10.9%)  Partial surgical resection 9 (14.1%)  Remaining symptoms 3 (4.7%)
findings axial

Back pain 6 (9.3%) Spine, intradural 14 (21.9%) Medical 5 (7.8%) Significant remaining 3 (4.7%)

symptoms
Neck pain 6 (9.3%) Spine, extradural 3 (4.7%) No treatment, not specified, 16 (25%) Death 0 (0.0%)
or Other

Hip or leg pain 2 (3.1%) cvJ 4 (6.2%) Patient lost to follow-up 6 (9.3%)

Headache 4 (6.2%) Skull base 1 (1.6%) Not specified 21 (32.8%)

Nausea and vomiting 2 (3.1%) 2 (3.1%) Mastoid region 1 (1.6%)

Dizziness 3 (4.7%)

Shuffling gait 2 (3.1%)

Hearing loss 3 (4.7%)

Pituitary dysfunction 2 (3.1%)

Radiculopathy 3 (4.7%)

JF syndrome 3 (4.7%)

Conflicts of Interest [15] C. Maruki, K. Nakajima, T. Shimoji, K. Ito, M. Matsumoto, S. Ishii, [Brain stone. A

None.

Patient Consent

Patient consent was obtained for the publication of this manuscript.
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