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Purpose Distinguishing intradural extramedullary (IDEM) spinal ependymoma from myxopapillary
ependymoma is challenging due to the location of IDEM spinal ependymoma. This study aimed to in-
vestigate the utility of clinical and MR imaging features for differentiating between IDEM spinal and
myxopapillary ependymomas.

Materials and Methods We compared tumor size, longitudinal/axial location, enhancement degree/
pattern, tumor margin, signal intensity (SI) of the tumor on T2-weighted images and T1-weighted im-
age (T1WI), increased cerebrospinal fluid (CSF) Sl caudal to the tumor on T1WI, and CSF dissemina-
tion of pathologically confirmed 12 IDEM spinal and 10 myxopapillary ependymomas. Furthermore,
classification and regression tree (CART) was performed to identify the clinical and MR features for
differentiating between IDEM spinal and myxopapillary ependymomas.

Results Patients with IDEM spinal ependymomas were older than those with myxopapillary ependy-
momas (48 years vs. 29.5 years, p < 0.05). A high Sl of the tumor on T1W1 was more frequently ob-
served in IDEM spinal ependymomas than in myxopapillary ependymomas (p = 0.02). Conversely,
myxopapillary ependymomas show CSF dissemination. Increased CSF S| caudal to the tumor on
T1WI was observed more frequently in myxopapillary ependymomas than in IDEM spinal ependymo-
mas (p < 0.05). Dissemination to the CSF space and increased CSF Sl caudal to the tumor on T1WI
were the most important variables in CART analysis.

Conclusion Clinical and radiological variables may help differentiate between IDEM spinal and myxo-
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papillary ependymomas.

Index terms Ependymoma; Myxopapillary Ependymoma; Spinal Cord Neoplasms;
Magnetic Resonance Imaging

INTRODUCTION

Spinal ependymomas are typically intramedullary (IM) tumors that account for 60% of
adult spinal cord neoplasms and 30% of pediatric spinal cord neoplasms (1, 2). Spinal epen-
dymomas occur most frequently in patients in their 30s and affects men and women equally
(3). Ependymomas arise from ependymal cells lining the central canal or cell rests along the
filum.

The 2021 WHO classification of ependymoma in the spinal compartment has significantly
changed compared to past 2016 WHO classification. These changes can be summarized as fol-
lows; First, spinal ependymoma with MYCN amplification has been newly defined in the cur-
rent classification as it shows a clinically aggressive behavior (4). Second, myxopapillary epen-
dymoma is now considered CNS WHO grade 2 rather than 1, since its likelihood of recurrence
is similar to conventional spinal ependymoma. Third, the term “anaplastic ependymoma” is
no longer used, but WHO grade 2 or 3 can be assigned to spinal ependymoma according to its
histopathological features (5). Fourth, papillary, clear cell, and tanycytic morphological vari-
ants are no longer listed. In summary, according to the 2021 WHO classification, ependymo-
mas in the spinal compartment are classified as spinal ependymomas, spinal ependymomas
with MYCN amplification, myxopapillary ependymomas, or subependymomas (6).

IDEM spinal ependymomas are rare and have only been previously reported as case series
(4). Additionally, previous studies have reported malignant transformation and atypical im-
aging features (5, 6). However, we incidentally found that IDEM spinal ependymomas are not
as rare as reported and favor lower spines. Myxopapillary ependymoma also commonly in-
volve lower spine, manifesting as IDEM tumors. They are associated with a high recurrence
rate, postoperative neurological deficit. Considering the IDEM location, the distinction from
myxopapillary ependymoma can be a challenge. Therefore, the aim of our study was to ana-
lyze the clinical and imaging features of IDEM spinal ependymoma.

MATERIALS AND METHODS

PATIENT POPULATION

Our Institutional Review Board approved this retrospective study and waived the require-
ment for informed patient consent (IRB No. 2022-0209-001). We retrospectively searched the
electronic medical records to identify patients who had undergone surgery for intradural
spinal tumors between January 2011 and September 2020. A total of 527 patients with sus-
pected intradural spinal tumors underwent surgery. Patients were excluded for the following

reasons: pathologically confirmed non-ependymal tumor (n = 402), non-tumorous lesion (n =
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55), and non-diagnostic results (n = 4). Finally, 72 ependymomas in the spinal compartment
were selected. They were classified with spinal ependymoma, not otherwise specified (n =
59), subependymoma (n = 3), and myxopapillary ependymoma (n = 10). NOS suffix was added
because molecular analysis such as MYCN amplification or NF2 mutation was not available.
Based on the tumor location, spinal ependymoma NOS was further categorized into IDEM (n =
12) and IM type (n = 47). Fig. 1 includes a detailed flowchart of the patient selection process.
Based on the tumor location, spinal ependymoma NOS was further categorized into IDEM (n =
12) and IM type (n = 47). Fig. 1 includes a detailed flowchart of the patient selection process.

MRI ACQUISITION

MRI examinations were performed using a 1.5T scanner (Magnetom Avanto; Siemens
Healthineers, Erlangen, Germany) and 3T scanner (Magnetom Vida; Siemens Healthineers).
MRI sequences for the 1.5T scanner included sagittal T1-weighted image (TIWI) (repetition
time [TR]/echo time [TE] = 450/9.8 ms; matrix = 314 X 448; field of view [FOV] = 35 cm; slice
thickness = 3 mm), sagittal T2-weighted images (T2WTI) (TR/TE = 3760/100 ms; matrix = 338 X

Fig. 1. Flowchart of study population selection.

Intradural spinal tumor patients who
underwent surgery in our hospital
(January 2011-September 2020)
(n=527)

Excluded patients (n = 455)
1. Non-diagnostic results (n = 4)
2. Pathologically non-tumorous lesion
(n=49)
3. Pathologically confirmed non-ependymal
tumor (n = 402)

\ 4
L Ependymoma in the spinal w

compartment
(n=72)

v

Spinal ependymoma
(n=62)

IM ependymoma
(n=50)

' ' . !

- M -
IDEM spinal . Subependmone IDEM myxopapillary
ependymoma spinal ependymoma (n=3) ependymoma

(n=12) (n=47) (n=10)

IDEM = intradural extramedullary, IM = intramedullary
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512; FOV = 35 cm; slice thickness = 3 mm), axial TIWI (TR/TE = 520/9.3 ms; matrix = 202 X
384; FOV =25 cm; slice thickness = 4 mm), and axial T2WI (TR/TE = 3430/120 ms; matrix = 202
X 448; FOV = 25 cm; slice thickness = 3 mm). Contrast-enhanced T1WTI in the axial and sagit-
tal planes were obtained after intravenous administration of 0.1 mmol/kg gadopentetate
dimeglumine (Magnevist; Schering, Berlin, Germany). MRI sequences for the 3T scanner in-
cluded sagittal TIWI (TR/TE = 460/9.2 ms; matrix = 314 X 448 ; FOV = 32 cm; slice thickness =
3 mm), sagittal T2-weighted images (T2WI) (TR/TE = 4160/93 ms; matrix = 314 X 448; FOV =
32 cm; slice thickness = 3 mm), axial TIWI (TR/TE = 762/10 ms; matrix = 265X 384 ; FOV = 22
cm; slice thickness = 3 mm), and axial T2WTI (TR/TE = 4340/94 ms; matrix = 265 X 384; FOV =
23 cmy; slice thickness = 3 mm). Contrast-enhanced TIWT in the axial and sagittal planes were

obtained.

MRI ANALYSIS

Two radiologists with 3 years and 14 years of experience in reading spinal MRIs respective-
ly were blinded to the patients’ clinical and histopathologic findings, and they independently
evaluated preoperative MR images with regards to the following characteristics: tumor size,
longitudinal location, axial location, enhancement pattern, degree of enhancement, signal in-
tensity (SI) of tumor on TIWI/T2WI, tumor margin, presence of dissemination to the sub-
arachnoid space, vertebral scalloping, engorged vein and increased CSF SI caudal to tumor on
T1WI. All disagreements between raters were resolved by consensus.

Tumor size was measured according to the number of segments involved. The longitudinal
location was classified as cervical, thoracic, or lumbar. The axial location was categorized as
central or peripheral. The enhancement pattern was classified as none, homogenous, or het-
erogeneous. The degree of enhancement was classified as none, weak, or strong. The SI of
T1IWI/T2WI was described as low, iso, or high, compared to the SI of the normal spinal cord.
The tumor margin was classified as well-defined or irregular. We considered dissemination
to the subarachnoid space as present when multiple enhancing nodules were observed along

the subarachnoid space. Increased CSF SI caudal to tumor on TIWI was also recorded.

STATISTICAL ANALYSIS

Age, sex, symptoms (pain, motor function, sensory change, and urinary symptoms), tumor
size, longitudinal location, axial location, enhancement pattern, degree of enhancement, sig-
nal intensity of TIWI/T2WI, tumor margin, the presence of dissemination to the subarachnoid
space, and high SIin tumor on TIWI were compared between IDEM spinal ependymomas and
myxopapillary ependymomas. Mann-Whitney U test was applied for continuous variables, and
chi-squared or Fisher's exact test was used for categorical variables. To gain a comprehensive
understanding of the variables that could distinguish IDEM ependymoma from myxopapil-
lary ependymoma, classification and regression tree (CART) analysis was used to determine
variable importance scores (7). A p < 0.05 was considered significant. The inter-rater reliability
was assessed using the intra-class correlation coefficient with a two-way random model of ab-
solute agreement. All data analyses were performed using R (version 3.5.3; http://www.r-proj-

ect.org).
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RESULTS

The most common type of ependymoma in the spinal compartment were IM spinal epen-
dymoma (50/72, 69.4%), followed by IDEM ependymoma (16.7%, 12/72), and myxopapillary

Table 1. Demographic and Clinical Findings of Patients with IDEM Spinal and Myxopapillary Ependymomas

Variables Overall IDEM Spinal Ependymoma  Myxopapillary Ependymoma pValue
(n=22) (n=12) (n=10)
Age, years 37 (15-75) 48 (31-75) 29.5 (15-57) <0.01*
Sex 0.39
Male 10 (45.45) 4(33.33) 6 (60.00)
Female 12 (54.55) 8(66.67) 4 (40.00)
Pain 0.45
No 1(4.55) 0 (0.00) 1(10.00)
Yes 21(95.45) 12 (100.00) 9(90.00)
Motor symptoms 0.38
No 15 (68.18) 7(58.33) 8(80.00)
Yes 7(31.82) 5(41.67) 2 (20.00)
Sensory symptoms >0.99
No 16 (72.73) 9 (75.00) 7 (70.00)
Yes 6 (27.27) 3(25.00) 3(30.00)
Urinary symptoms 0.67
No 13(59.09) 8(66.67) 5(50.00)
Yes 9 (40.91) 4(33.33) 5 (50.00)
Data are presented as median (range) or n (%).
*p <0.05.

IDEM =intradural extramedullary

Fig. 2. A52-year-old female with pathologically confirmed IDEM spinal ependymoma.

A, B. Well-circumscribed IDEM spinal ependymoma shows high signal intensity on TIWI and strong en-
hancement in conus medullaris on Gd-enhanced T1WI.

C. Heterogeneously low signal intensity of tumor in conus medullaris on T2WI.

D. Hematoxylin and eosin staining indicates typical perivascular pseudo rosettes, a sign of ependymoma
(arrows).

IDEM = intradural extramedullary, WI = weighted image
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ependymoma (13.9%, 10/72). Patients with IDEM ependymoma were significantly older than
those with myxopapillary ependymoma (48 [31-75] years vs. 29.5 [15-57] years, p < 0.05). There
were no significant differences in sex, or initial presenting symptoms in patients with IDEM

Fig. 3. A 16-year-old girl with pathologically confirmed myxopapillary ependymoma.

A. Well-circumscribed T1 iso SI tumor in conus medaullaris, increased CSF intensities are seen below the tu-
mor (arrows) on TIWI.

B. Dissemination to the subarachnoid space is noted on Gd-enhanced T1WI, suggesting tumor seeding (ar-
rowheads).

C. Heterogeneously high Sl of tumor in conus medullaris on T2WI image (dotted arrow).

D. Hematoxylin and eosin staining indicates characteristic myxoid materials surrounding blood vessels of
myxopapillary ependymoma (arrows).

CSF = cerebrospinal fluid, SI = signal intensity, WI = weighted image

Fig. 4. A 30-year-old male with pathologically confirmed myxopapillary ependymoma.

A. Increased CSF intensities are similar to the signal intensity of the tumor (arrows) on TIWI.

B. Dissemination to the subarachnoid space (arrowheads) and vertebral scalloping of T12, L1, and L2 verte-
bral bodies (dotted arrows) on Gd-enhanced T1WI.

C. Engorged veins near myxopapillary ependymoma are noted on T2WI (arrows).

CSF = cerebrospinal fluid, WI = weighted image

https://doi.org/10.3348/jksr.2022.0122 1071
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overall IDEM Spinal Myxopapillary
Variables Ependymoma Ependymoma  p-Value
(n=22)
(n=12) (n=10)
MRI findings
T1 0.02*
Low 2(9.09) 0(0.00) 2(20.00)
Iso 15 (68.18) 7(58.33) 8(80.00)
High 5(22.73) 5(41.67) 0 (0.00)
T2 0.54
Low 5(22.73) 2(16.67) 3(30.00)
Iso 5(22.73) 4(33.33) 1(10.00)
High 12 (54.55) 6 (50.00) 6 (60.00)
Degree of enhancement 0.97
None/rare 2(9.09) 1(8.33) 1(10.00)
Weak 4(18.18) 2(16.67) 2(20.00)
Strong 16 (72.73) 9 (75.00) 7(70.00)
Enhancement pattern 0.83
None 2(9.09) 1(8.33) 1(10.00)
Homogenous 8(36.36) 5 (45.45) 3(33.33)
Heterogeneous 12 (54.55) 6 (54.55) 6 (66.67)
Tumor size, number of vertebral bodies 1(1-6) 1(1-6) 2(1-3) 0.06
Longitudinal location 0.45
Cervical 0 (0.00) 0(0.00) 0 (0.00)
Thoracic 1(4.55) 0(0.00) 1(10.00)
Lumbar 21 (95.45) 12 (100.00) 9(90.00)
Axial location >0.99
Central 19 (86.36) 10(83.33) 9 (90.00)
Peripheral 3(13.64) 2(16.67) 1(10.00)
Conus medullaris 0.67
Near 14 (63.64) 7(58.33) 7(70.00)
Distant 8(36.36) 5(41.67) 3(30.00)
Engorged vein 0.19
No 20 12 (100.00) 8(80.00)
Yes 2 0(0.00) 2(20.00)
Margin >0.99
Well defined 21 (95.45) 11(91.67) 10 (100.00)
Irregular 1(4.55) 1(8.33) 0(0.00)
Vertebral scalloping 0.14
No 17 (77.27) 11(91.67) 6 (60.00)
Yes 5(22.73) 1(8.33) 4(40.00)
Dissemination to the CSF space <0.01*
No 16 (72.73) 12 (100.00) 4(40.00)
Yes 6 (27.27) 0(0.00) 6 (60.00)
Increased CSF Sl caudal to tumor on TIWI <0.01*
No 16 (72.73) 12 (100.00) 4(40.00)
Yes 6(27.27) 0(0.00) 6 (60.00)

Data are presented as median (range) or n (%).
*p <0.05.

CSF = cerebrospinal fluid, IDEM = intradural extramedullary, Sl = signal intensity, TIWI = T1 weighted image
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ependymoma and myxopapillary ependymoma (Table 1). Two IDEM ependymomas (2/12,
16.7%) and 3 myxopapillary ependymomas (3/10, 30.0%) were obtained by 3T scanner. 10 ep-
endymomas (10/12, 83.3%) and 7 myxopapillary ependymomas (7/10, 70%) were taken by
1.5T scanner.

High signal intensity in tumor on TIWI was more common in IDEM spinal ependymoma
than in myxopapillary ependymoma (41.67% vs. 0%, p < 0.01) (Fig. 2). By contrast, tumor dis-
semination to the CSF space (60.0% vs. 0%, p < 0.01) and Increased CSF SI caudal to tumor on
T1IWTI (60.0% vs. 0%, p < 0.01) were more common in myxopapillary ependymomas than in
IDEM spinal ependymomas (Figs. 3, 4). SI of tumor on T2WI, degree of enhancement, en-
hancement pattern, tumor size, longitudinal location, axial location, tumor margin, vertebral
scalloping, engorged vein, and proximity to the conus medullaris were not significantly dif-
ferent between IDEM spinal ependymomas and myxopapillary ependymomas (Table 2).

In CART analysis, 54.5% of patients (12/22) were IDEM spinal ependymoma. Dissemination
to CSF space was the first partitioning predictor in the decision tree model. None of patients
with dissemination to CSF space (0/6) demonstrated IDEM spinal ependymoma while 75% of
patients without CSF dissemination (12/16) showed IDEM spinal ependymoma. None of pa-
tients without CSF dissemination showing increased CSF SI caudal to tumor demonstrated
(0/2) demonstrated IDEM spinal ependymoma while 86% of patients without CSF dissemina-
tion and increased CSF SI (12/14) showed IDEM spinal ependymoma. Fig. 5 includes a detailed
decision tree of the CART analysis.

Additionally, we analyzed distribution of spinal IDEM tumor by histology. We found total 373
IDEM tumors out of 527 patients who underwent surgery. The most common type of IDEM tu-
mor were schwannoma (63.8%, 238/373), followed by meningioma (22.8%, 85/373), IDEM ep-
endymoma (3.2%, 12/373), myxopapillary ependymoma (2.7%, 10/373), metastasis (1.3%,

Fig. 5. Classification and regression tree analysis results.

Dissemination < 1.5
Gini = 0.496
Samples = 22
Value = (10, 12)
Class = IDEM ependymoma

<

CSF = cerebrospinal fluid, IDEM = intradural extramedullary
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5/373), hemangioblastoma (1.1%, 4/373), lipoma (1.1%, 4/373), paraganglioma (0.8%, 3/373),
cavernous malformation (0.5%, 2/373), hemangiopericytoma (0.5%, 2/373), nerve sheath myxo-
ma (0.5%, 2/373), gangliomeuroma (0.3%, 1/373), capillary hemangioma (0.3%, 1/373), epithe-
loid tumor (0.3%, 1/373), chondrosarcoma (0.3%, 1/373), oligodendrocytoma (0.3%, 1/373) and
myeloid sarcoma (0.3%, 1/373).

DISCUSSION

In this study, we analyzed the clinical and imaging features of IDEM spinal ependymoma,
particularly compared to those of myxopapillary ependymoma. Our results indicated that
IDEM spinal ependymoma is likely to occur in the lumbar region, unlike conventional IM spi-
nal ependymoma which has a cervical predominance. Furthermore, compared with myxo-
papillary ependymoma, IDEM spinal ependymoma occurs in older age, high signal intensity
in tumor itself on TIWI was more frequently observed, and CSF dissemination and increased
CSF SI caudal to tumor on TIWI were rarely found.

Spinal ependymomas are the most common IM spinal neoplasms, and account for up to
60% of all glial spinal cord tumors. Spinal ependymomas occur most commonly in the cervical
region and have a central location (8-10). IDEM spinal ependymomas are rare, and only a few
cases have been reported in the literature (6, 11-21).

Ependymomas usually arise from the ependymal cells that form the lining of the ventricles
and central canal of the spinal cord. However, IDEM spinal ependymomas may arise from
heterotopic ependymal cell rests that are pinched off from the neural tube during its closure
(12, 14, 16, 17). This hypothesis is supported by the following descriptions by Cooper et al.
(14) lack of an apparent attachment to the central nervous system and absence of signs of a
primary neoplastic process within the brain or spinal cord, encapsulated appearance, loca-
tion along the neuraxis, and frequent association with congenital anomalies.

In this study, IDEM ependymoma accounted for 16.7% (12/72) of the ependymomas in the
spinal compartment, which suggested that it is more common than previously reported (4,
5). We found that IDEM spinal ependymoma demonstrated clinical characteristics similar to
those described for IM spinal ependymomas in previous studies (3, 6, 11, 13-21). The median
age at diagnosis of IDEM spinal ependymoma was 48 years, and we observed a female pre-
dominance. However, unlike IM spinal ependymoma, which occurs predominantly in the
cervical region, IDEM spinal ependymomas occurred most commonly in the lumbar region.
Previous case reports also reported lower spinal locations of IDEM spinal ependymomas,
such as the thoracic and lumbar regions (22, 23). Although the exact mechanism for this pre-
ponderance of lower spinal location is uncertain, this may be because heterotopic ependy-
mal cell rests are more likely to pinch off from the neural tube during its closure in the lower
spine than in the upper spine.

Myxopapillary ependymomas also commonly involve lower spine, particularly conus-cau-
da equina region, manifesting as IDEM tumors. They are associated with a high local recur-
rence rate, less commonly distant metastasis along the neuraxis (24). Thus, it is necessary to
distinguish IDEM spinal ependymoma from myxopapillary ependymoma before surgery.

We compared clinical and imaging features of IDEM ependymomas and IDEM myxopapil-
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lary ependymomas. With regards to clinical features, we observed that patients with IDEM
ependymoma were older than those with myxopapillary ependymoma. Although not statisti-
cally significant, IDEM spinal ependymoma demonstrated a female predominance, whereas
myxopapillary ependymoma had a male predominance. MR findings such as High SI in tu-
mor on TIWI, absence of dissemination to the subarachnoid space, and Increased CSF sig-
nal caudal to tumor on TIWI may aid in distinguishing IDEM ependymoma from IDEM
myxopapillary ependymoma. According to previous studies, bulky tumors disturbing CSF
flow are associated with high protein content of CSF that may that may theoretically shorten
the T1 value of the CSF (25-27). In our results, myxopapillary ependymomas are likely to be
larger and to have a vertebral scalloping than IDEM spinal ependymoma and it may also sup-
port the likelihood of CSF obstruction caudal to myxopapillary ependymoma.

A high incidence of CSF dissemination has been observed in adult and pediatric myxopap-
illary ependymoma in line with our result (28) However, CSF dissemination was not observed
in IDEM spinal ependymoma. Few studies reported that WHO grade 3 IDEM spinal ependy-
moma or those with MYCN amplification may have CSF dissemination (29, 30). Unfortunately,
our cases were WHO grade 2 and MYCN amplification was not studied.

Another distinctive imaging feature of IDEM spinal ependymoma, compared with myxo-
papillary ependymoma is high signal intensity of tumor itself on TIWI. Choi et al. reported
that 5 % of IM spinal ependymomas (2/35) showed high signal intensity on TIWI (31). In our
study, IDEM spinal ependymoma showed a high incidence of high signal intensity on TIWI
(42%, 5/12). We may presume that higher incidence of high signal intensity of IDEM spinal
ependymoma on T1WTI is associated with intra-tumoral hemorrhage, but it needs a further
study.

CART analysis also supported the results of our univariate analysis, and showed that older
age, absence of abnormal CSF signal intensity, and dissemination to the CSF were the most
important variables for distinguishing IDEM spinal ependymoma from myxopapillary epen-
dymoma. Other MRI features of IDEM spinal ependymoma were consistent with those from
previous studies, such as homogenous enhancement after gadolinium administration and
well-defined margins (6, 11-21). Our results may be useful to distinguish IDEM ependymoma
from myxopapillary ependymoma. Our observations have clinical significance because spi-
nal ependymoma and myxopapillary ependymoma are clinicopathologically and genetically
distinct variants of ependymoma (32, 33). However, they both commonly occur in the lower
spine, which results in a diagnostic dilemma. Therefore, our results may help clinicians to
make a more accurate differential diagnosis.

Another common IDEM spinal tumor located on conus medullaris is schwannoma. Unfor-
tunately, schwannoma was not included in our study, but it has been well documented in pre-
vious studies. Thus, we may indirectly compare imaging features of schwannoma, myxopapil-
lary ependymoma, and IDEM ependymoma. Schwannoma tended to be larger and more
peripheral than myxopapillary ependymoma, Patterns of signal intensities on TIWI/T2WTI are
heterogeneous for both tumors. However, high signal intensity on T2WTI in schwannoma rep-
resenting cystic portion shows rare enhancement on post contrast TIWI. In contrast, high
signal intensity on T2WI in myxopapillary ependymoma corresponding mucin showed ho-

mogeneous enhancement (34, 35). In previous few literatures, imaging findings of IDEM spinal
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ependymoma are non-specific. They most commonly appear as T2 hyperintense/T1 hypoin-
tense lesions, and they are usually homogenously enhanced after gadolinium administration,
well delineated and can have a cystic component which can be confused with imaging features
of schwannoma (36). However, based on our results, tendency of IDEM spinal ependymoma
for central location, strong enhancement, occurrence near conus medullaris and high signal
intensity of tumor on TIWI may aid their differentiation which needs further validation in
future study.

The prognosis of IDEM spinal ependymoma is unknown, but it is presumed to have a rela-
tively benign course after complete resection, based on the prognosis of IM spinal ependy-
moma. IM spinal ependymoma is encapsulated without apparent attachment to the central
nervous system, and complete removal is possible in most cases to allow preservation of nor-
mal neural tissues (11, 18). However, IDEM spinal ependymoma can recur, undergo anaplas-
tic transformation, or metastasize. In these cases, gross total resection may not always be
possible, and the prognosis is poor. Early diagnosis and surgery are important contributors
to better neurologic outcomes (6, 11, 12, 18, 19, 37).

Our study has some limitations. First, molecular analysis was not performed in our study.
Thus, our cohort of spinal cord ependymoma may represent various molecular subtypes of
spinal ependymomas. For example, spinal ependymoma with MYCN amplification shows an
aggressive behavior. Spinal ependymoma has been known to be associated with NF2 muta-
tion but its features remain unclear (38). IDEM spinal ependymoma can be associated with a
certain molecular subtype of ependymoma, which is required to be investigated in future
study. Second, our cohort was too small to draw a robust conclusion. However, given the rarity
of IDEM spinal ependymomas, our reports may be helpful for understanding clinico-radio-
logical features of IDEM spinal ependymoma. Third, there was a lack of a long-term follow-
up, due to which we could not assess patient’s prognosis and tumor recurrence. Most of our
patients did not return to the clinic after surgery. Further studies are required to clarify the
long-term outcomes of IDEM spinal ependymomas. Lastly, most of our cases were taken on
1.5T MRI. 3T MR imaging is known to increase SNR or spatial resolution compared with 1.5T
system at similar scanning times (39). Thus, future study with 3T system may provide more
information.

In conclusion, our study demonstrated that IDEM spinal ependymomas are not rare. Fre-
quent involvement of the lower spine and location of IDEM may cause a diagnostic dilemma,
and these tumors must be differentiated from myxopapillary ependymomas. Older age, ab-
sence of abnormal CSF signal intensity, and comparatively lesser dissemination of the tumor
to the CSF may aid in distinguishing IDEM spinal ependymomas from myxopapillary epen-

dymomas.
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