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Calcifying pseudoneoplasms of the neuraxis (CAPNON) are rare, non-neoplastic, slow-growing tumors that can
present anywhere throughout the central nervous system. While the etiology of these lesions remains unknown,
the mainstay of treatment is surgical excision. We describe a case of CAPNON at our institution in a 66 year-old
female patient who presented with 5 months of pain and burning sensation in her thigh. On MRI, an intradural
extramedullary lesion was identified at the level of T11-T12. The mass was surgically excised and the patient
reported resolution of her symptoms by her six week follow-up appointment. We reviewed 79 spinal CAPNON
cases, covering all cases reported in the literature thus far. In summary, we find that spinal CAPNON are most
commonly lumbar and extradural in location, with pain as the most common presenting symptom. Lesions are

well-defined and hypointense on T1 and T2 MRI sequence. The majority of cases had favorable surgical outcomes
with near complete resolution of pain and associated symptoms.

1. Introduction

Calcifying pseudoneoplasms of the neuraxis (CAPNON), first patho-
logically described in 1978 by Rhodes and Davis, are rare, benign,
calcified lesions that arise within the central nervous system (CNS). With
less than 150 total reported cases, the epidemiology and pathogenesis of
CAPNON is poorly understood. Given the rarity of these lesions, diag-
nosing CAPNON is difficult and little research is available to guide
treatment decisions. Since CAPNON often mimic other more common
CNS lesions on imaging, it is often misdiagnosed as meningioma,
metastasis, hematoma, vascular malformations and even more rare oc-
currences like neurocysticercosis.

Beyond mimicking more common lesions on imaging, spinal CAP-
NON in particular may not be initially worked up as presenting symp-
toms caused by spinal CAPNON such as back pain or sciatica are not
specific which can delay identification.»>>*° Other presentations of
spinal CAPNON include radiculopathy, myelopathy, paraparesis, tetra-
paresis, and gait changes.®’ Given the non-specific presentations and
imaging findings, a better understanding and characterization of CAP-
NON cases is important to inform medical and surgical decision making.
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Despite frequent uncertainty in diagnoses, the majority of spinal
CAPNON are treated surgically with favorable outcomes and often total
relief of symptoms.° Definitive diagnosis of CAPNON often occurs after
the lesion is resected and analyzed histologically. Common histologic
findings associated with CAPNON are calcifications, palisading of his-
tiocytes, multinucleated giant cells, fibrocellular stroma, positive
immunohistochemical stain for EMA and Vimentin and negative stain
for GFAP and S$-100.5'1'%!3 The granulomatous appearance on his-
tology in addition to the good clinical outcomes, has led to the hy-
pothesis that the pathogenesis of CAPNON is a reactive process as
opposed to a neoplastic one." However, the exact pathogenesis of
CAPNON is unknown.

In this case report, we present a case of spinal CAPNON treated at our
institution and review the literature to identify all cases of spinal CAP-
NON cases that have been published thus far to summarize the diagnosis
and management of these cases.

2. Case report

BS was a 66 year old female with a history of hypertension, hyper-
cholesterolemia, malnutrition, CKD, and depression who initially
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Abbreviations

CAPNON Calcifying pseudoneoplasms of the neuraxis

MRI-  Magnetic Resonance Imaging

CNS - Central Nervous System

GFAP -  Glial Fibrillary Acidic Protein

S-100 - Schwannian Marker protein soluble in saturated
(100%) ammonium sulfate solution

CKD -  Chronic Kidney Disease

NSAIDs — Non-Steroidal Anti Inflammatory Drugs
CT - Computed tomography

CD68 —  Cluster of Differentiation 68

EMA -  Epithelial Membrane Antigen

presented to an outside clinic with right anterior thigh pain in the L2-L3
distribution which began 5 months prior to her presentation to the clinic
in March 2022. She had previously had pain 8 years ago that lasted 3
months and then resolved spontaneously. Her pain had been managed
with NSAIDs and gabapentin. She was neurologically intact on exam.
Her primary care physician ordered an MRI of the spine without contrast
which demonstrated an intradural extramedullary mass on the right at
the level of T11-T12. The patient was then referred to a neurosurgeon at
an outside clinic. Upon retrospective review by the neurosurgeon of the
patient’s prior lumbar MRI performed 2 years ago due to low back pain,
the lesion was present on her MRI performed 10 years ago, though the
lesion had been slightly smaller at that time. The lesion was also
apparent in retrospect on CT of the abdomen and pelvis ordered at the
same time as the MRI which demonstrated a partially calcified intra-
dural extramedullary mass on the right from T11-T12. The neurosur-
geon at that time believed that the most likely diagnosis was a
meningioma given the appearance of the lesion and its slow growth over
the past decade. Neurofibroma and schwannoma were considered to be
less likely diagnoses. The neurosurgeon discussed expectant manage-
ment and surgical resection of the mass with the patient and the patient
favored expectant management at that time.

Two years later, the neurosurgeon referred the patient to our insti-
tution for evaluation for resection of the lesion given the patient’s
worsening proximal leg pain and burning. The patient remained
neurologically intact on our exam. CT of the thoracic spine and MRI of
the spine with contrast was performed. CT of the thoracic spine
demonstrated a calcified intradural lesion of the right aspect of the
spinal cord at the level of T11-T12 that was up to 1.1 cm in length
(Fig. 1). MRI of the thoracic spine with contrast demonstrated an
intradural extramedullary calcified lesion at T11-T12 with nodular pe-
ripheral enhancement and mass effect on the spinal cord with associated
dorsal spinal cord edema from T10-T12 (Fig. 2). The neuroradiologist at

Fig. 1. Sagittal (A) and axial (B) sections of a pre-operative CT scan without
contrast of the thoracic spine demonstrating a 1.1 x 0.9 x 1.1 cm calcified
intradural lesion at T11-T12.
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our institution believed that this finding was most likely consistent with
meningioma given the slow growth of the lesion. The differential diag-
nosis at that time also included calcified vascular malformation or a
calcified metastatic lesion. The patient ultimately elected for neurosur-
gical resection of the lesion following discussions of the risks and ben-
efits of the procedure.

We elected to perform a posterior thoracic laminectomy from T11-
T12 with resection of the intradural, extramedullary spinal tumor and
placement of a lumbar drain. Intraoperative neural monitoring was
used. Following the T11-T12 laminectomy, the tumor was easily visu-
alized. The tumor was attached to the dura and was found to be highly
calcified. The tumor was easily dissected from the spinal cord. The
frozen specimen sent from the operating room came back as meningi-
oma with extensive calcification. Motor evoked potentials and
somatosensory-evoked potentials remained stable throughout the case.
Inspection of the surgical site and ultrasound showed that the spinal
cord was completely decompressed. In a patient who presented with
myelomalacia resulting from a decade-long spinal cord compression, we
opted for a 2-level laminectomy instead of a hemilaminectomy. This
choice provided superior access for the resection of the pathology
without requiring any significant retraction of the spinal cord. Addi-
tionally, it facilitated a more thorough spinal cord decompression,
minimizing the risk of re-compression in the event of an incomplete
resection of the CAPNON.

Postoperatively, the patient was neurologically intact at the time of
discharge. Her proximal leg pain had almost entirely resolved. She
continued to exhibit resolution of her right proximal anterior thigh pain
at her follow-up appointment 6 weeks after the surgery. Final pathology
demonstrated chondromyxoid matrix with fibrillary appearance, calci-
fications and ossification (osseous metaplasia), as well as reactive
fibroconnective tissue on hematoxylin and eosin staining, overall most
consistent with CAPNON (Fig. 3). Immunohistochemical staining
demonstrated that the lesion was negative for progesterone receptor
with only rare foci of epithelial membrane antigen (EMA) positivity
favored to represent entrapped arachnoid cap cells. S100 was negative
in the lesion. CD68 highlighted numerous histiocytes. Follow-up imag-
ing 3 months later demonstrated T11 laminectomy for partial resection
of a heterogeneously calcified mass with decreased mass effect on the
spinal cord (Fig. 4).

3. Methods
3.1. Statistical analysis

All statistical analyses were performed using GraphPad Prism
version 9.0.0 for macOS, GraphPad Prism Software, La Jolla California
USA, www.graphpad.com. Fisher’s exact test of independence was
performed for 2x2 contingency tables and Pearson’s Chi-square test was
performed for contingency tables with greater than 2 rows. In all of our
statistical analyses, we compared expected values based on the null
hypothesis to actual values obtained through the literature review. Our
expected values are based on the assumption that the number of patients
in each group is equal, and thus the null hypothesis is no significant
difference between groups. p values of <0.05 were regarded as
significant.

4. Discussion

CAPNON is a rare benign calcified lesion first described intracrani-
ally in 1978'“; subsequent reports have also described its spinal mani-
festation.'® Here, we describe a spinal CAPNON case surgically treated
at our institution, adding one more case to the stark CAPNON literature.

Our extensive review of spinal CAPNON cases has found that to date,
including our patient case, there have been 80 instances of CAPNON
reported in the spine (Table 1). In summarizing these cases, we find that
CAPNON can occur across the lifespan, reportedly diagnosed in patients
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Fig. 2. Sagittal TIW (A), T2W (B) and axial T11-12 disc space (C) sections from a MRI of the thoracic spine with and without contrast demonstrating an intradural,
extramedullary calcified lesion with peripheral nodular enhancement at T11-T12 with mass effect on the spinal cord.

Fig. 3. Hematoxylin and eosin-stained formalin fixed paraffin embedded sections show abundant hypocellular basophilic amorphous to fibrillated material with
ghost cells, consistent with the characteristic chondromyxoid fibrillary matrix of CAPNON. There are areas of coarse and amorphous calcifications (A and C) and
osseous metaplasia (B and D). There is intervening reactive fibrous stroma with focal areas of palisading epithelioid cells with eccentric nuclei at the periphery of the

chondromyxoid matrix (D).

from one to 90 years of age, with the majority (70.1%) occurring over
the age of 49. Before a recent surge in spinal CAPNON cases reported in
the literature between 2020 and 2022,'%'7-1%19 there was a male pre-
dominance in CAPNON.® With the most recent cases included, we find a
female predominance in spinal CAPNON, with 55.7% female cases and
44.3% male cases (p = 0.5264).

Prior reports have shown that the majority of CAPNON are more
likely to be extradural than intradural (p = 0.0024). Interestingly, our
case is one of the few intradural extramedullary cases described. Only

nine of the 80 described cases are intradural, and four, including this
current case, report intradural extramedullary tumor location. Further,
CAPNON were more likely to be located in the lumbar spine (51.9%)
compared to cervical (20.2%) or thoracic (21.5%) (p = 0.0336). We
found that CAPNON rarely localize to the most caudal and rostral ends of
the spinal cord, with only one case in the sacral region and four cases in
the upper clivus/foramen magnum region (Table 1).

Tumor location was related to clinical presentation as the patients
suffered from pain or dysfunction in a dermatomal or myotomal
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Fig. 4. Sagittal sections from a post-operative CT scan without contrast (A), T2W MRI (B), axial T11-12 sections CT scan without contrast (C) and T2W MRI (D) of the
thoracic spine demonstrating T11 laminectomy for partial resection of a heterogeneously calcified mass with decreased mass effect on the spinal cord.

distribution associated with their lesion location (Table 1). Instances of
reported back pain and neck pain had corresponding spinal CAPNON
located within the range of T8 to L5 and between the foramen magnum
and C7, respectively. Patients were more likely to report back pain than
neck pain or leg pain (p = 0.0123), likely due to spinal CAPNONs most
frequently occurring in the lumbar spine. We found that patients were
more likely to present with pain as a symptom of CAPNON than other
presentations, such as sensory changes, paresis, or radiculopathy (p =
0.0010). While our patient’s descriptions of burning sensation and pain
were common among patients with CAPNON, her neurological mani-
festations did not correspond precisely to the tumor location. Interest-
ingly, the pain described by our patient was in the L2-L3 distributions
despite the tumor being located at the T11-T12 spinal cord level. Diffi-
culty walking was noted as a predominant symptom in one patient with
lumbar CAPNON. A shuffling gate was noted twice with CAPNON
located in the upper cervical spine and the foramen magnum, likely
reflecting the patient’s cervical myelopathy from spinal cord
compression.

Imaging reports from X-ray, CT, and MRI led to misdiagnoses of
CAPNON, such as disc herniation, meningioma, calcified hematoma,

cancer metastasis, or abscess (Table 1). While CAPNON can mimic these
other spinal pathologies on imaging, we found that CAPNON does have
some pathognomonic imaging findings (Table 1, Supplementary
Table 1.). On MRI, CAPNON lesions of the spine were predominantly T1
and T2 hypointense. We found that for T1 weighted sequences, CAPNON
lesions were more likely to be hypointense than iso- or hyperintense (p
= 0.0001). When looking at T2 weighted sequences, again, lesions were
more likely to be hypointense than iso- or hyperintense (p = 0.0003).
Imaging reports further suggest that CAPNON are well-defined lesions
with widely variable sizes. The average size was 18.68 mm, with a
standard deviation of 15.55 mm. The largest spinal CAPNON described
in the literature is 65 mm x 56 mm x 56 mm, while the smallest was
reported as 5 mm (Table 1).

Surgical resection was the most common treatment of CAPNON,
except for one case treated medically with indomethacin. Gross total
resection was more likely to be performed than subtotal resection (p =
0.0034). Of the 24 cases describing the extent of resection, only two
cases had subtotal resection because the capsule was densely adherent to
the dura, as it was in our case. Overall, both patients had good outcomes
despite subtotal resection with relief of symptoms at follow-up
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Table 1
Clinical, radiological, surgical, pathological, and post-operative information from all cases of spinal CAPNON in the literature.
Author Age Presentation Location, Pre-op diagnosis MRI CT Maximum Extent of Adherence to Recurrence Follow- Follow-up
(year), relationship to Dimension Resection spinal cord (months) up Length
Sex dura (mm) (months)
Bertoni, 1990" 50, M NP FM, e N/A N A 42
Bertoni, 1990 23, M BP T10, e N/A N L
Bertoni, 1990 58, M Pp C2,e N/A N A 112
Bertoni, 1990 12, M NP C6, e N/A N A 39
Bertoni, 1990 32, M BP 14, e N/A N A 84
Bertoni, 1990 33, F BP T9, e N/A N L
Bertoni, 1990 68, F Sc 14, e N/A N S 16
Bertoni, 1990 20, F 1 C2, e N/A N L
Bertoni, 1990 56, F BP L4, e N/A N L
Smith, 1994* 48, M Sc L2, e HOI 8 N/A N
Moser et al 1994°° 68, M AP C7,e C8 R HRI/HRI/ HOL/C 10 GTR AD A
Well-defined
Shrier, 1999’ 59, M SG, AS (LUE), Tp FM, e MG HOI/HOI + 20 GTR S 24
HRI/E
Qian et al 1999* 49, M LUE and LLE -S clivus region 40 GTR I 90
Qian et al 1999 59, M NP, SG, AS (LUE) C1-2, ea N/A 46
Chang, 2000 60, M NP C3, io HOI/HOI/E N/A 24
Mayr, 2000° 58, M BP, UMN T10, e DH, HTc, MG HOI/HOI/C C 40 STR A 48
Mayr, 2000 63, M -S (LUE), Tp C3,e HOI C N/A AD A 60
Liccardo, 2003* 40, M BP, W T8, e HOI/HOI HRI/C 50 GTR I 36
Park, 2008 59, F NP +(LUE), R C7,e cM 101/101/C GTR AD
Apostolopoulos, 53, M BP, HP, P(LLE) L1 MG, NF C 15 GTR AS
2009%°
Tong, 2010°° 67, F BP, Cl, W L4, e SOA (CPP) C N/A
Rusleh et al, 43, F BP L3 HOI/HOl/ S5 GTR AS I 10
2011'° well-defined
Ozdemir, 20117’ 53, M Mp FM, i E/C/Well- 20 GTR
defined
Naidu et al 2012*° 43, M BP, +(LLE) L4, e HTc, MG, NST, IOI to HRI/ C/Well- N/A
TB, HRI/C defined
Muccio, 2012° 57, M BP, Pp T10-11, e HRI/HRI/E/ HRI/C/ 24 GTR P 2
Well-defined Well-
defined
Nathoo et al, 44, F BP (L) FMT, HTc, LM, C GTR AP 18
2012%° NF, Sc
Kwan et al 2012°° 48, M BP +(LLE) T9 HOI/HOI 01/C 18 N/A A
Jentoft et al, 26, F BP L1-L2 SwW HOI/HOI 8 GTR AS
2012°"
Bartanusz et al 1.83,F NP C1-2 HOI/HOI/C C 10 STR A 12
2013
Kocovsky et al 64, F BP +(LLE) L5-S1, e HOI/HOl/ C 38
2015 Well-defined
Reinard et al 44, M BP, P(LLE) 14, e A, CM, DH, HTc, HOI/HOI/E C/well- GTR AS A 48
2015 MG, SyC, SD, SW, defined
TB
Song, 2015°° 77, F BP T12, e HOI/HOI C GTR AD I 5
Song, 2015 67, F L3R([R) L2-3, e C 10.4 GTR
Song, 2015 78, F BP Ll, e C/well- 8.5 GTR
defined
Lopes et al 2016°° 72, F BP, CES 12,1 HOI/HOI HRI GTR N <1
Garcia Duque et al 51, F BP L2, i, em HOI/HOI C GTR AD 1 12
2016°

(continued on next page)

ZI£001 ($Z0T) £T X A123.ms0.M2N PlOM



Table 1 (continued)

Author Age Presentation Location, Pre-op diagnosis MRI CT Maximum Extent of Adherence to Follow- Follow-up
(year), relationship to Dimension Resection spinal cord up Length
Sex dura (mm) (months)
Garcia Duque et al 46, F NP C3, io C GTR 27
2016
Garcia Duque et al 73, M Pp T2, i, em HOI/HOI/ C GTR A 12
2016 well-defined
Singh, 2016*” 90, F Wk (LUE) C7-T1, i well-defined N/A AD I 2
Giardinaet al. 68, M R L4-5 SyC HOI to I0I/ C GTR I 60
2016°° HOI to 101
Wu et al 2017%° 39, F Sp S2, subdural HOI/E/well-  C GTR N A 36
defined
Lu et al 2020'° 51, F BP 13-4, epi HOI/HOI + 65 N/A
HRI/C
Yang et al 2020'° 64, F NP (L) C3, epi HOI/HOI (¢ 11.4 N/A 2
Yang et al 2020 60, M CM C7, epi 101/101/C/ 17.3 N/A S 7
well-defined
Yang et al 2020 64, F BP (L) L5-S1, epi HOI C/well- 38 N/A 1 6
defined
Ho et al 2020'° 75, M T11 N/A
Ho et al 2020 52, M T7-T8 N/A
Ho et al 2020 74, F L5-S1 N/A
Ho et al 2020 68, F L4-L5 N/A
Ho et al 2020 49, M L5-S2, i HOI/HOl/ N/A
Well-defined
Ho et al 2020 43, F T10-T11, e HOI/Well- N/A
defined
Ho et al 2020 70, F L4-L5, t HOI N/A
Ho et al 2020 67, F L4-L5, e Well-defined N/A
Ho et al 2020 83, F L4-L5, e HOI/Well- N/A
defined
Ho et al 2020 71, F L5-S1, t Well- N/A
defined,
Ho et al 2020 50, F L5-S1, e -/HOI N/A
Ho et al 2020 39, F T9-T10, e -/HOI/Well- N/A
defined,
Ho et al 2020 65, M L2-L3, e N/A
Ho et al 2020 7,F T2-T3, e HOI/HOI/ N/A
Well-defined
Ho et al 2020 78, M T9-T10, e HOI/HO1/ N/A
Well-defined
Ho et al 2020 58, M L2-L3, i -/HOI N/A
Ho et al 2020 77, M C7-T1, e -/HOI N/A
Ho et al 2020 65, M L3-L4, t HOI/HOI N/A
Ho et al 2020 71, F L1-L2,i HOI/HOI N/A
Ho et al 2020 66, M L4-L5 N/A
Ho et al 2020 75, M T8-T9 N/A
Ho et al 2020 82, F L4-L5 N/A
Ho et al 2020 77, F L4-L5 N/A
Ho et al 2020 56, F L4-L5, t N/A
Ho et al 2020 45, F L4-1L5, e N/A
Ho et al 2020 43, M T9-T10, e C N/A
Ho et al 2020 52, F C7-T1, e HOI/HOI/C/ N/A
Well-defined
Ho et al 2020 64, M (€9 N/A

(continued on next page)

D 32 yw.avy) Y

ZI£001 ($Z0T) £T X A123.ms0.M2N PlOM



12
1003
24)

@o.

1 X 23
1d Neurosurgery:
Worl

A

th et a

Chatra

A

es. Immu-
X 5 cases. ses
tively Cross f the cas
pera istent a ut o with
rs Post_oll consist orted, b Of cases ith
eas ive.
tland2y ere Overaquently repnegatlvf of cases WWe
sat’an s W t fre ere stly, ase,
ointment, cal ﬁndlr.lgg was n.C')[.ve and 2 V\égative' La In Ourlg has yet
app 1 inin, siti 2n ive. ie
P path(;::iical 5ta12 were positiVe and d 2 negat but the fi arker for
. - OSILLVS nd 2 ne ical m
histoc taining, ere 2 p itive a taining, mical
o9 no FAP s here w 3 pos EMA s istoche ery
88 ¥ ':5“ 8 3 [=% with Gtaining’t re were re focal munohi NON is v fa
3 2= — e a im P ion o
S22 o) T 3 100s ing, th nd r iable CAl ion
= g £ < BE L S- aining, 100 a relia is for ression s,
2% 5 v 2 a3 A st ive S- and 0sis 1 prog ratio.
& g 2 Z g 8 = EM ati istent . rogn loca ope d
= : & 32 t neg sis ine. e p ed ired 2 med,
5] Q85 =8 or on: sp th 2 show ire for
a 24 5.8 [T rep ne c f the hat 22 it requ er! h
= - . 0! . o) t se it r as p nt
2E & £g8s find ons ests case™ that ion W mo
= ZE5 2 to lesi sugg ly one c ein fusio t one d
§EF “E83 NON ture only niqu ical raff econ
-~ LE 5 8 5 - CAP iteras iew, su itocerv ne g the s
a ) B 5 s = lit rev wa initoc iliac bo er -up.
7 _ e 2 2 S35 The ur is case cip liac aft low
s 2 % SETS Ino his ith oc s i ths follow-t
EEE 0= SR 5 . ion. T th ou on h e
=g © 5w§3${§§ hmmm%kmmcmmwﬂwm%?wm3?2mmmﬁ®amn
23§ s:uﬁmu:?,-aw isti ine ith a -fr the ost- T o
= SR E ST ~ e-ex 1 lam wit] tom e at and p tumo
Y 238 o pr tota ttage symp renc ing of ically
] 3 =1 3] 3 irst, a ure A was ecur ive imag idence ifica
z 5 g g = ° % 2 FIES ’Wec1 by ;e patlent'dence of roperatlve d no eVldorted spec nce at
8 < 298 % 23 2 follo ile t s evi 0ost- howe t rep urre t
= c:ﬁ:cz;:°~ Wh was ev on post-o s tha rec ines a
S & = =R 23 T. re n jority es no inding
2 &= 8 R = late ion, the atio ajo cas ted find ial
w s B E 53 - tion, the form the m he 20 epor ted antia
%o 8 e & 2 operal ith in ms, Of t 5%) r epor subst:
YES ERT es w pto ion. © that r s or tom
R} 208 Of cas f symp 1les them es tom symp
g 582 R0 -up o idua of cas mpton ed ith no
9 8T E g0 es 19 25 ief of sy inu it
§% T EE EggE follow. the r es, he lief ont hs w.
&5 = EEE§ = 0 of rati f t re d c nt ms
R g5 ES s th nce o lete orte 4 mo pto
3§ £ g 8" E 9 > TOW urre: ents. omp rep at2 in sym
g E SR §82 & rec intm ted ¢ hat nce tin t no
z E g5 285 ut oi or s t bai en tha
~ g D = TR abo app ) rep ase: distur oveme iven
e ggt g -up 92% 0 ¢ te impr 3 Giv is a long
8w £s 8 llow 3( tw d ga imal im, e. s a
o ER R . fo p, 2 f the inue inim rrenc ths i nt
g g S E S low-u O onti d mi ecu oni eme
° 95 s > o fol ent. dac orte no r 2 m improv
s g .3 EE€ g g vem orte report ing ther ic imp s the
g5 2 5% E =28 impro rep ther firming whe atic im kly a
£ 3 = o2 Bl im one the o ing con tain tom uic e to
53 a o 2 O = B o 2 rden, 7 and imaging cer mp tasqu v du
8g - B a bu €, anc magiry is un Sy en lvely 30
g £ < TEE =] = ence, th it i €ss vem rat ~
T & =2 5 & = a8 g Curri wi ist, ass impro tope was
< & ERC 5 E O = re nths wi exi to d im pos ime tat
g = 5y TS 2 mo dies ime note ears pti en
=] < 2 g~ at d stu timy rts 9y low-u vem
< g 2 g EE S k3 lle ry €po! as follo ic impro how
< s 2 .ﬁhu— (o) ve ious r ng e im ts
< NN S 83 o a nt CO ou lo ag tic ha
. << > > g 23 %8 =) co re Prev 39 to as aver. ma es t
S S < zz ﬁﬁ“sgwa ugh ively. e 1, the pto f cas NON
ES |« > - SEw eno atively. harg rall, d sym ro CAP
$2 |< z ST EES T 5 per 1 disc I ove orte mbe ion of
e z CEE f£% 0st-0 ita ime. e rep e nu ision
52 g @ x o 2 o 3] p thSp tim cas lal‘g ical exc
3 & s 5 g o W-up tn our the ica
a i g E % 9;: g dai/ayed follopatient n adding ti with surg
(=¥ [} EN <3| o de he e n .
2 S PN = T rge, me. 1Ze
= ERCI g & ths. ischa ve: hes
N o ncmuhé mon f dis impro nt
= 8 . ic im Sy’ t
= .5 2e E 2% E “ it g time o matic tant to atmen
5 2 o] ~ 0 aas I k= a the pto is impor imal tre e
c g E $ 273 g E’ 5 2 g quick sym e, itis lmt optima eview, w
- g g 0% g 2 rare, 0s rer ine,
) m>,a:sr:.qc-. ions ery e m iteratu r Sp
S A &% g5 £3 e lusio are v d th ive lite ba 2
S og 2 =0 g nc ON an sive Ium dT
T o9 = v B Co PN isease hen: in the 1 an
29 255 2 5. CA sea re in T t
= g g g 8 %3 inal di omp: ted ing. On mos
E5E 2o 5= h spi f the ourc loca 1g. On the
. e ima in is
o Gl "E S E £ ; Althougstandlng oThrouggAPNoN acf lesions lmh;gle paln-l the most
g B w & T ients. . . Wi is S
=¥ X a ) o de en al fine e. t me:
S . un ati in de intens en co
5 82358 = r I p f sp 11- te: em ut .
O — o T .~ > 8 ou h fo ity o we oin improvi ient o lief
) SEEE S = =5 roac jority dare ly hyp ic imp atie ic re
£ 5= Tz 5 c £ g3 app t maj 1, an mostly mati erall, p mat
T S = 9 = gg ) = & & = w tha adural, N are mpto at ovi mpto
s + & S5%g C R T g sho extr PNO sy’ w th lete sy,
= =] =i P n m, (0]
S 3 2RE 2 kL g2 are ofte uence, CA e e ear comp
- s 2 EE7 EER: z MRI seq presentlngme (Fig. plete or n
TAE g 52 on utcome com,
<] i S 5 I ical o ith .
@ % ,:; '% £ & c~(1)(ely SurglfC vorable w section. nt inal draft,
GE“M"-'H,_{:O 1i ly fa ical re me igin 1
« ESx e s ighly ica tate ing — orig rma
'z El 3 o T g o g are hig fter surg ibution s riting tion, Fo :
§ 738 722 8 hortly a ontribu iting, W vestiga Lemieux:
8 < g g E & © s rship c . & ed logy, In nzie ization,
2 ER; e 28 g g iT autho review ethodo Macke Visualiz ion.
° S 83 g, 8 8 o edi iting — e, M ion. ft, lizati
o o5 & 8 3 A CR : Wri ftware, lizati inal dra tua ft
o = 8 & 8 th: So ua igina cep draft,
A~ fRE == 8¢ & tra ion, ept rig Con iginal
23] o = A, o v g Cha idatio: ONCH — 0 . n, igin ta
O 5 ® oo 2 & jay vali . C iting ratio: —or ing. Da
£EE % 3G g o AJ, ion, ation, Wri ta cu iting iting, .
5B VIS = lizat: cur iting, is, Da Wri ed tion.
e - 22 T E8E < isua ata edit lysis, iting, iew & cura
= A 2 - ISER= PRy Vv . D & lana dit; vie ta ioinal
o a3 m;.‘~:s>=°‘“ sis, iew a iew & e _re. Da 1n;
= =] i ] g = 2 3 “ o g aly evie Form ew . 'ng . ng, orig
-G 5] g 33 =R = O g analy - T re, revi riti diti iting — es
g2 > o (i “=m7q<mﬁ iting frware, Fe - : Writ &e riting urces,
S § - 3 B 2 % o X o rit . So iting berts: ew . W eso .
FE |~ 3 S 4 g S g 2 w ion, : Wr Ro revi iting, R sis,
gs g A3 S $ 5 &% E © lidat tel: ieh F. o edi are, aly:
Q= ~ 7 a Pa h ting A & oftw: 1 an
CholE g2 T &2 2z = g A P. aleig] . Wri lew & | S ma
o} © & [} o g &) 173 %0 g jvee . K iva: rev: . ion, For:
g§F g4 B o =t Ruj tion. ahiy iting — TVIS igation,
g | g ? g = E £ Data curasonika Dke' ertlnigon, Supelnvesugatl
o < 229 v 5 jon. icooke: idat
= ga a & @ 9 I on co id
S 5.2 Py £551 g Brenton Peuni ot Methodelogy.
g = dﬁ‘,vm-ﬂ ma‘agd‘6< renton aliza ion ion. .
g 2 e SR - o g = a8 = B ft, Visual istration, alizatio nancial
£ 3 IS B = 2 g% z 8 draft, t admin neeptu ting fin
£ + = mmgﬁ,uﬂu jec ion, Co est pe
] A P =8 5 y° Proj ation, inter com
= == n_‘gﬂ cur . 1 own
&~ oot & 4 %OE 8 &g Data competing ve no kn
"1N~ R E&_:;,;E-o"’ ion of hey ha
= © N 88T g g 8 ratio hat t
= N o ‘“ﬁv;“88~9<q.> Decla lare t
3 B K 8 - <32 5% & decla
£53 PR g% 5 authors
4y E<d g3 The
N q § ¢ =28 8 S
L= Ngm%‘ .;8«:8;:::«5
S E oy SS8R £8¢ 225
g s 8 8 TEE 8 9 £8E%4
: L3 3% A EES 3
= <+ [ - 9] -1 =
e g - v 232 Y
S S ) 233
=L 582 A
[} N -
- 2 =
2=
= <
]
[




A. Chatrath et al.

World Neurosurgery: X 23 (2024) 100312

Characteristics of Spinal CAPNON

® Most common presentation is pain

Cervical

Majority are extradural and lumbar

© Typical pathologic findings

Giant cells in a
granulomtous
reaction

® Highly favorable surgical outcomes

Fig. 5. Graphical depiction of core characteristic of spinal CAPNON determined from extensive literature review.
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Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.

org/10.1016/j.wnsx.2024.100312.
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