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Objective : A spinal cord subependymoma is an uncommon, indolent, benign spinal cord tumor. It is radiologically similar to a spinal 
cord ependymoma, but surgical findings and outcomes differ. Gross total resection of the tumor is not always feasible. The present 
study was done to determine the clinical, radiological and pathological characteristics of spinal cord subependymomas.
Methods : We retrospectively reviewed the medical records of ten spinal cord subependymoma patients (M : F=4 : 6; median 38 
years; range, 21–77) from four institutions.
Results : The most common symptoms were sensory changes and/or pain in eight patients, followed by motor weakness in six. The 
median duration of symptoms was 9.5 months. Preoperative radiological diagnosis was ependymoma in seven and astrocytoma in 
three. The tumors were located eccentrically in six and were not enhanced in six. Gross total resection of the tumor was achieved in 
five patients, whereas subtotal or partial resection was inevitable in the other five patients due to a poor dissection plane. Adjuvant 
radiotherapy was performed in two patients. Neurological deterioration occurred in two patients; transient weakness in one after 
subtotal resection and permanent weakness after gross total resection in the other. Recurrence or regrowth of the tumor was not 
observed during the median 31.5 months follow-up period (range, 8–89).
Conclusion : Spinal cord subependymoma should be considered when the tumor is located eccentrically and is not dissected easily 
from the spinal cord. Considering the rather indolent nature of spinal cord subependymomas, subtotal removal without the risk of 
neurological deficit is another option.
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INTRODUCTION

A spinal cord subependymoma (SCSE) is a benign, non-in-

vasive, slow-growing, World Health Organization (WHO) 

grade I spinal cord tumor16), first reported by Boykin et al.6) 

in 1954. Since then, 72 cases of SCSE have been report-

ed1-3,5-15,17-21,24-27,29,30,32-41,43-49). Although SCSE is not rare, it is not 

easily differentiable from a spinal cord ependymoma with ra-

diological findings. However, surgical findings and outcomes 

differ from those of an ependymoma, including a high risk of 

neurological deficit in the event of a poor dissection plane from 

the spinal cord with a low rate of recurrence. We reviewed the 

clinical, radiological and pathological characteristics of ten 

cases of SCSE from the Korea Spinal Oncology Research 

Group (KSORG) database.

MATERIALS AND METHODS 

The KSORG was established in 2009 by spine surgeons from 

the Seoul National University Hospital, Seoul National Univer-

sity Bundang Hospital, Samsung Medical Center, and several 

affiliated hospitals sought to promote clinical research on the 

management of spinal and spinal cord tumors and to develop 

educational programs to improve neuro-oncological care23,28,42). 

The principal goal of the KSORG was to evaluate surgical treat-

ments of spinal neoplasms in a prospective and retrospective 

multicenter clinical series. From April of 2000 to September of 

2014, ten patients in total were pathologically confirmed as 

SCSE patients in four hospitals. During the same period, 88 

cases of spinal cord ependymoma were surgically treated28). 

These medical records, including radiological images, were 

retrospectively reviewed. 

The characteristics and duration of symptoms, preoperative 

neurological function, intraoperative surgical findings, the ex-

tent of surgical resection, intraoperative electrophysiologic 

monitoring results, the use of an adjuvant treatment, the follow-

up period, and postoperative complications were reviewed. 

The modified McCormick classification (MMC) (Table 1)31) 

was applied to the assess neurological functions of the patients 

before surgery, at discharge, at one and six months after sur-

gery and annually thereafter. Magnetic resonance (MR) imag-

es were taken in all patients before and after surgery. The loca-

tion and level of involvement of the tumor and the pattern of 

enhancement were evaluated in detail. In our study, all tumors 

were removed with a conventional posterior approach by se-

nior spine tumor surgeons, and microsurgical techniques did 

not differ from previously published techniques in the literature.

The extent of resection was classified as gross total resection 

(GTR), subtotal resection (STR) or partial resection (PR). GTR 

was defined if surgeons described a complete resection of the 

tumor and there was no evidence of the tumor in postopera-

tive MR images. If a small piece of tumor was left in place ac-

cording to the surgeon’s decision or an obvious retained frag-

ment appeared in postoperative MR images (80–99% resection), 

the extent of resection was considered to be STR. In the same 

manner, cases involving less than 80% resection were defined 

as PR. Pathologically, after resection of the tumor, experienced 

neuropathologists in each institution reviewed both frozen 

sections and permanent specimens. The WHO classification 

system was used for histopathological diagnoses. Immunohis-

tochemistry and electron microscopic examinations were per-

formed as needed. 

Patient follow-up took place at an outpatient clinic postop-

eratively to evaluate their neurological statuses with MMC 

grades. Tumor recurrence and progression were defined both 

clinically and radiologically. Tumor recurrence was defined as 

regrowth of the tumor after GTR on follow-up MR images or 

Table 1. Modified McCormick classification 

Grade Definition

1 Neurologically normal
Gait normal
Normal professional activity

1b Tired after walking several kilometers
Running is impossible, or moderate sensorimotor deficit does 
  not significantly affect the involved limb
Moderate discomfort in professional activity

2 Presence of sensorimotor deficit affecting function of involved 
  limb
Mild to moderate gait difficulty
Severe pain or dysesthetic syndrome impairs quality of life
Independent function and ambulation maintained

3 More severe neurological deficit
Requires cane or/and brace for ambulation or maintains
  significant bilateral upper-extremity impairment
May or may not function independently

4 Severe neurological deficit 
Requires wheelchair or cane or/and brace with bilateral 
  upper-extremity impairment
Usually not independent
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any clinical aggravation. Tumor progression was defined as 

tumor regrowth after STR or PR on follow-up MR images or 

any clinical aggravation. The study was reviewed and ap-

proved by the institutional review board (IRB No. 1306-106-

500).

RESULTS

Patient demographics
Table 2 summarizes the characteristics of all patients. Of the 

ten, four were male and six were female, with ages at surgery 

ranging from 21 to 77 years (median, 38 years). The most com-

mon symptoms were sensory changes and pain in eight pa-

tients, followed by motor weakness in six, and bowel/bladder 

symptoms in one patient. The median duration of symptoms 

was 9.5 months (range, 1 to 48). The ratio of SCSE versus spi-

nal cord ependymoma was 1 : 8.8 with the present data-

base23,28,42).

Radiological findings
Table 3 summarizes the radiological findings of all patients. 

The tumors were located at the cervical spinal cord in four pa-

tients, the thoracic spinal cord in four patients, and the thora-

columbar spinal cord in two. MR images of all patients showed 

iso- to low signal intensity on T1-weighted images (WI) and 

high signal intensity on T2–WI (Fig. 1). The pattern of contrast 

(gadolinium) enhancement was homogeneously strong in one 

patient, with partial uptake in three patients and scanty en-

hancement in six patients. The tumors were located eccentri-

cally in six patients. Syringomyelia existed in two patients, but 

intratumoral cystic changes, a hemosiderin cap, or calcifica-

tion was not observed. The preoperative radiological diagnosis 

was ependymoma in seven patients and low-grade glioma in 

three patients, but a subependymoma was not included in the 

list of differential diagnoses. 

Surgical findings 
All operations were performed with the conventional poste-

rior midline approach with laminectomy in a prone position. 

Tumors were grayish in color with a lobulated contour and 

mild vascularity (Fig. 2). All tumors were intramedullary locat-

ed, and additional exophytic growth was observed in one case. 

In five patients, tumors showed a well-demarcated margin from 

the spinal cord, and GTR was achieved. In contrast, in the oth-

ers, the dissection plane was not well developed, with STR 

performed in three patients and PR in two. Multimodal intra-

operative neuro-monitoring (INM) with the transcranial mo-

tor-evoked potential (TcMEP), somatosensory evoked poten-

tial (SSEP) and free-running electromyography (fEMG) was 

performed in seven patients22). Three patients showed a decrease 

of TcMEP or SSEP and two patients revealed fEMG events dur-

ing tumor dissection (Table 2).

Clinical outcome
Neurological deterioration occurred in two patients after 

surgery. In case 9, the MMC grade was 3 after PR and returned 

to its preoperative state (MMC grade 2) one month after sur-

gery. In case 3, the MMC grade was 3 after GTR without recov-

ery to the preoperative state (MMC grade 2). No patient un-

derwent a second surgery due to recurrence or progression of 

the residual tumor, and revision surgery was performed in one 

patient due to a surgical site infection. Adjuvant radiotherapy 

was performed for two patients with STR. During the median 

of 31.5 months (range, 8 to 89) of follow-up, recurrence or pro-

gression of the tumor was not observed (Table 2).

Pathological findings
Frozen sectioned examination was performed in nine out of 

ten patients. Interestingly, an intraoperative histologic diagnosis 

was made correctly in only one patient, whereas eight patients 

were misdiagnosed as a low-grade glioma. Histopathological-

ly, these tumors were characterized by a lobular architecture 

and clusters of tumor cells, which resulted in an alternating 

cellular and acellular pattern (Fig. 3A and B). There were no high-

grade features. Mitoses were scarce and necrosis was not pres-

ent. However, a degenerative nuclear pleomorphism was found 

in the focal area (Fig. 3C). The vasculature was often promi-

nent and perivascular hyalinization was noted. Immunohisto-

chemically, glial fibrillary acidic protein (GFAP) was diffusely 

and robustly positive in the tumor cells (Fig. 3D), but IDH-1 

and Olig2 were negative. The Ki-67 labeling index was less 

than 1% (Fig. 3E). An electron microscopic examination was 

performed in three patients. Ultrathin sections showed loosely 

arranged round to oval tumor cells. The cells had some cyto-

plasmic processes filled with glial-type intermediate filaments. 

The perikaryal cytoplasm contained mitochondria and ribo-

somes. Well-developed intracytoplasmic lumina with micro-
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villi and cilli ranged from numerous to rare.

Illustrative case

Case 9

A 56-year-old woman presented a four-year history of pro-

gressive bilateral leg numbness. She also revealed hypesthesia 

at the fourth and fifth fingers of her left hand, lasting for a 

year. Neurological examination revealed motor grade 4+/5 

weakness in both lower extremities, which resulted in a mild 

gait disturbance. MR images showed an eccentrically located 

mass, producing a hyper-intense signal in T2-weighted and an 

iso-intense signal in T1-weighted images with focal weak gad-

olinium enhancement. The mass was extended to the left dor-

sal surface, ranging from the C3 to C7 level, and syringomy-

elia was combined below the mass (Fig. 1). 

The patient underwent a C3–C7 laminectomy, midline du-

rotomy and arachnoid incision. The exposed spinal cord was 

rotated to the right side (Fig. 2A). Midline myelotomy was per-

formed and a gelatinous grayish tumor was exposed (Fig. 2B). 

The intraoperative histological diagnosis in this case was a 

low-grade glioma. The tumor was firm and strongly adherent 

to the normal spinal cord parenchyma, making dissection from 

the spinal cord difficult. During the dissection, INM revealed 

repeated abnormal fEMG at left thenar muscle and a reduction 

of the left thenar TcMEP amplitude to 10% of its baseline volt-

age. The left posterior tibial SSEP also disappeared. Thus, we 

stopped further dissection and the tumor was partially re-

moved with a cavitron ultrasonic aspirator. The left posterior 

Table 3. Radiological findings of 10 patients

Patient Level Location Eccentricity
MRI findings

Syrinx
Cyst or 

calcification

Preop 
radiological 

diagnosisT1WI T2WI Enhancement

1 C1–4 IM Central Slight low High Poor No No Ependymoma

2 T11–L1 IM Central Iso High Poor Yes No Ependymoma

3 T3–5 IM Central Low High Poor No No Low-grade glioma

4 C2–6 IM Rt lateral Iso High Poor No No Ependymoma

5 C2–5 IM Dorsal Slight low High Poor No No Low-grade glioma

6 T11 IM with exophytic growth Lt lateral Iso High Focal slight No No Ependymoma

7 T3–5 IM Lt lateral Slight low High Strong Homogeneous No No Low-grade glioma

8 T10–11 IM Central Iso High Diffuse slight No No Ependymoma

9 C2–7 IM Lt lateral Iso High Poor Yes No Ependymoma

10 T12–L1 IM Rt lateral Iso High Focal slight No No Ependymoma

MRI : magnetic resonance imaging, T1WI : T1-weighted image, T2WI : T2-weighted image, Preop : preoperative, IM : intramedullary, Rt : right, Lt : left

Fig. 1. Preoperative magnetic resonance (MR) images showing an 
intramedullary mass located at the C2–7 level with associated hydrosyrinx 
extending to T3 level. A : Sagittal T1-weighted image without contrast 
showing isointense lesion. B : Sagittal T1-weighted image with contrast 
showing poor gadolinium enhancement. C : Sagittal T2-weighted image 
exhibiting hyperintense lesion. D : Axial T2-weighted image showing the 
mass located at left and dorsal side of the spinal cord. E : Postoperative 
T2-weighted image revealing partial removal state of the tumor. 

A B C

D E
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tibial SSEP amplitude recovered to 30% of its baseline voltage 

at the end of the surgery; however, the left thenar MEP ampli-

tude did not recover. 

A histopathological examination revealed typical findings 

of a subependymoma. A lobular architecture and clusters of 

tumor cells with an alternating cellular and acellular pattern 

were found without mitoses or necrosis. Immunohistochemi-

cally, GFAP was diffusely positive and the Ki-67 labeling index 

was less than 1% (Fig. 3). Postoperatively, the patient presented 

grade 3/5 weakness and hypesthesia of the bilateral lower 

limbs and left thenar muscle. At the postoperative one-month 

follow-up assessment, the patient recovered to her preopera-

tive neurological status. She was followed up for eight months 

without evidence of regrowth. 

DISCUSSION

Since the first report by Boykin et al.6) in 1954, 72 cases of 

SCSE in total were reported in the literature before this stu

dy1-3,5-15,17-21,24-27,29,30,32-41,43-49). Most of the studies were case re-

ports, and the largest study was by Wu et al.47) involving 13 cas-

es from a single institution. Table 4 summarizes the SCSE char-

acteristics in the previously reported cases and in the current 

study5,6,10,12,17-21,25,44,45,47-49). Because a SCSE is a benign and indo-

lent WHO grade I tumor, GTR is not always necessary. In con-

trast, a spinal cord ependymoma is a WHO grade II tumor, 

and the extent of resection significantly affects the progression-

free survival rate28). Thus, a preoperative differential diagnosis 

of SCSE especially from a spinal cord ependymoma is impor-

tant when devising an optimal surgical plan. However, a pre-

operative differential diagnosis remains difficult due to the 

lack of specific clinical and imaging characteristics.

Preoperative clinical and radiological findings
In this study, the most common symptoms were sensory 

changes and pain followed by motor weakness and bladder 

Fig. 2. A : Intraoperative photograph after durotomy showing an 
edematous spinal cord rotated to right side. B : After myelotomy, the 
exposed tumor is gelatinous and light grayish with indistinct dissection 
plane.

A B

Fig. 3. A : Hematoxylin and eosin (H&E) staining 
of resected specimens showing lobular architec-
ture (H&E, ×20). B : Clustered nuclei (H&E, ×100). C : 
With focal degenerative nuclear enlargement or 
pleomorphism (H&E, ×200). D : Immunostaining 
of specimens showing diffuse positive to GFAP 
(GFAP immunostainig, ×150). E : Ki-67 index was 
less than 1% (Ki67, ×150). GFAP : glial fibrillary acid-
ic protein. 

A

D E

B C
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symptoms. In the literature, instances of SCSE were most com-

monly located at the cervical spinal cord, followed by the tho-

racic spinal cord and the lumbar spinal cord (Table 4). In this 

study, SCSEs were most commonly located at the cervical and 

thoracic cord followed by the thoracolumbar cord. The loca-

tion of the tumor was not discernable from cases of spinal cord 

ependymoma28).

Common MR imaging findings of SCSEs were iso- to low 

signal intensity on T1–WI and high signal intensity on T2–WI, 

and these features were not different from those associated with 

a spinal cord ependymoma. However, the eccentric location, 

poor gadolinium enhancement, and rare intra-tumoral cysts 

Table 4. Characteristics of spinal cord subependymoma patients in the previous studies and the current study

  Previous study2-43) (n=72) Current study (n=10) Overall (n=82)

Mean age (years) 43 (6–76, median 45) 42.5 (21–77, median 38) 43 (6–77, median 44)

Sex

Male 39 (54.2) 4 (40) 43

Female 33 (45.8) 6 (60) 39

Mean duration of symptoms (months) 48.1 (2–204, median 36) 16.5 (1–48, median 9.5) 43.5 (1–204, median 24)

Level

C 24 (33.3) 4 (40) 28 (34.1)

CT 27 (37.5) 0 27 (32.9)

T 11 (15.3) 4 (40) 15 (18.3)

TL 8 (11.1) 2 (20) 10 (12.2)

L 2 (2.8) 0 2 (2.4)

Gadolinium enhancement

Strong 9 (24.3) 1 (10) 10 (21.3)

Slight 8 (21.6) 3 (30) 11 (23.4)

No 20 (54.1) 6 (60) 26 (55.3)

Eccentricity

Yes 43 (86) 6 (60) 49 (81.7)

No 7 (14) 4 (40) 11 (18.3)

EOR

GTR 51 (73.9) 5 (50) 56 (70.9)

STR 12 (17.4) 3 (30) 15 (19.0)

PR 5 (7.2) 2 (20) 7 (8.9)

Biopsy 1 (1.4) 0 1 (1.3)

Aggravation of symptoms

Permanent 20 (35.1) 1 (10) 21 (31.3)

Transient 12 (21.1) 1 (10) 13 (19.4)

No 25 (43.9) 8 (80) 33 (49.3)

Radiotherapy

Preoperative 2 0 2

Postoperative 3 2 5

Recurrence 3 0 3

Mean follow-up period (months) 45.7 (1–144, median 39) 37 (8–89, median 31.5) 44.3 (1–144, median 39)

Values are presented as number (%) unless otherwise indicated. C : cervical, CT : cervicothoracic, T : thoracic, TL : thoracolumbar, L : lumbar, EOR : extent 
of resection, GTR : gross total resection, STR : subtotal resection, PR : partial resection
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and calcification may characterize SCSEs.  

In the present study, the eccentric location in the axial MR 

images can serve as a clue for distinguishing a SCSE from an 

ependymoma, which was observed in five out of ten cases. In 

previous reports, 86% of cases (43 cases/50 cases) showed an 

eccentric location. However, this finding may be indistinct if 

the tumor is large enough to occupy the entire spinal cord in 

the axial view of MR images, as shown in Fig. 1. Eccentricity 

may be a clue only when the tumor is not large enough to occu-

py the entire spinal canal. 

In this study, only one patient showed homogeneous strong 

contrast enhancement in the tumor, and such an enhancement 

was observed only in 24.3% of patients in previous reports. Al-

though syringomyelia was combined in two patients in the pres-

ent study, an intratumoral cyst or calcification was not found, 

in accordance with previous reports1-3,5-15,17-21,24-27,29,30,32-41,43-49).

Intraoperative findings and surgical outcomes
Although preoperative radiological findings were similar, 

intraoperative findings were not similar between cases of spi-

nal cord ependymoma and SCSE. During surgery, the interface 

between the tumor and the spinal cord was clear only in half of 

the patients, whereas in the others, the dissection plane was not 

clearly developed. The tumors were completely removed only 

in 50% of cases, despite the fact that all surgical procedures 

were performed by senior spine surgeons who have more than 

ten years of experience with spinal cord tumors. The rate of 

GTR was much lower than the GTR rate of spinal cord epen-

dymomas (72/88, 81.8%) during the same period by the same 

surgeons28). In the literature, the GTR rate of SCSEs was 73.9%, 

which is higher than that in the present study but nonetheless 

lower than the GTR rate of spinal cord ependymomas. There 

are two possible reasons for this : the poor dissection plane 

between the tumor and the spinal cord and the inaccurate in-

traoperative histological diagnosis as a low-grade glioma.

There was no recurred case in the present study during the 

median 31.5 months follow-up period (range, 8–89). Before 

this study, there have been three reported cases of recurrence 

after surgical resection of the SCSEs3,15,40). Follow-up periods 

of recurred cases were 7, 9, and 12 years, which is longer than 

that of all reported SCSEs (mean 45.7 months, median 39 mo

nths)1-3,5-15,17-21,24-27,29,30,32-41,43-49). This result showed that long 

term follow-up is essential, though recurrence of SCSE is rare.

Pathological findings
The histopathogenesis of a subependymoma has yet to be 

revealed clearly. An intracranial subependymoma is currently 

thought to derive from subependymal glial precursor cells, 

which are bipotential cells with the ability to differentiate into 

either ependymal cells or an astrocyte4). On the other hand, in 

SCSE, Krishnan et al.25) suggested subpial spinal white matter 

progenitor cells as a possible histogenesis for a better explana-

tion of the predominant peripheral and exophytic location. 

This may explain the eccentric location of a SCSE. Histologi-

cal features are distinct from spinal cord ependymomas and 

spinal cord astrocytomas. 

However, differentiation with an intraoperative frozen sec-

tion approach was challenging. In this study, intraoperative 

histologic diagnoses by frozen section examination were per-

formed in nine out of ten patients; however, eight patients 

were diagnosed as having a low-grade glioma, and a correct di-

agnosis was made in only one case. Given that a subependymo-

ma has both ependymal and glial components histologically, 

this high rate of misdiagnosis was attributed to the small num-

ber of specimens and a lack of suspicion. This problem can be 

overcome by sending a sufficient amount of specimens to a 

pathologist with appropriate suspicion by the clinician. 

Treatment recommendation
Recommended treatments for SCSEs vary depending on the 

author. Matsumoto and Nakagaki29) and Jallo et al.20) insisted 

that GTR should be conducted for a better clinical outcome, 

though GTR may not be possible in all cases. Wu et al.47) and 

Jang et al.21) showed that STR or PR was sufficient for a good 

clinical outcome when GTR is not feasible. 

Because SCSEs are benign tumors and given that tumor 

progression is rare after STR or PR47), impellent GTR in the face 

of neurological damage cannot be recommended. The preser-

vation of neurological function and the quality of life should 

be considered as the most crucial points. Thus, we propose 

STR without the risk of neurological deficit, if GTR is not fea-

sible. Although adjuvant radiotherapy was performed in two 

patients after STR in the present study, it is not usually recom-

mended. 
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CONCLUSION

A spinal cord subependymoma is a benign and indolent tu-

mor. Clinical and radiological features are similar to those of 

an ependymoma, but a spinal cord subependymoma needs to 

be considered when the tumor is located eccentrically and not 

easily dissected from the spinal cord. Impellent gross total re-

moval may result in a neurological deficit. Considering the 

benign nature of subependymomas, subtotal removal without 

the risk of any neurological deficit may be a viable alternative 

option.

Limitation
Because SCSEs are uncommon spinal cord tumors, retro-

spective data from multiple institutes were utilized, but the 

small number of patients was the major limitation here. In the 

present study, although experienced specialists were involved 

in the radiological and pathological (intraoperative and per-

manent) diagnosis and surgeries, differences in experience must 

be considered. Most importantly, the follow-up period was not 

long enough to provide a treatment strategy. Nonetheless, we 

showed the importance of the preoperative suspicion of a SCSE 

and suggested STR or PR as an alternative option. Apparently, 

SCSEs are similar to spinal cord ependymomas, but the treat-

ment strategy may differ, and this needs to be included in any 

differential diagnosis.  
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