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Objective: Recently, surgical outcomes of patients with intramedullary spinal cord tumors (IMSCT) have been improved due 
to advances of medicine. The purposes of our study were to evaluate the recent neurological outcomes after surgical treat-
ment of IMSCTs.
Methods: We retrospectively reviewed 69 patients who underwent surgical treatment for IMSCT in our hospital between 
1998 and 2013. Patient’s age, sex, histological origin and grade, tumor location, tumor extension, preoperative neurological 
state, initial presenting symptom, and extend of tumor resection were analyzed to evaluate predictive factors that affect 
postoperative functional outcome.
Results: The neurological states at last follow-up were improved in 16 patients (23.2%), unchanged in 47 (68.1%), aggravated 
in 6 (8.7%). In all patients, the functional outcomes were good in 52 patients (75.4%), fair in 10 (14.5%), poor in 7 (10.1%). 
Preoperative good neurological state was the strongest positive predictor of good functional outcome (p<0.05). In tumor loca-
tion, functional outcomes of thoracic tumors were poor than those in cervical and conus medullaris region (p=0.011). High- 
grade tumor shows poor outcome compare to low-grade tumor (p=0.03).
Conclusion: The most reliable predicting factor of surgical outcome was the preoperative neurological state. In addition, 
IMSCTs in thoracic region and high-grade tumor showed relatively bad outcome and had a risk of postoperative morbidity.
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INTRODUCTION

Intramedullary spinal cord tumors (IMSCTs) compromise 
about 2-4% of all central nervous system neoplasm and about 
20-25% of all spinal tumors2,12,35). Surgery of IMSCTs is very 
challenging to neurosurgeons, which may result of devastating 
neurologic deficit. Recently, surgical outcomes of patients 
with IMSCTs have been improved due to advances of diag-
nostic imaging, microsurgical technique, surgical equipment, 
and neurophysiologic monitoring. The purposes of our study 
were to evaluate the recent surgical outcomes of patients with 

IMSCT considering recent advances of diagnostic imaging and 
surgical technologies. In addition, we analyzed the prognostic 
factors affecting neurological outcome after surgical resection 
of IMSCTs.

MATERIALS AND METHODS

Between 1998 and 2013, 69 patients with an IMSCT were 
admitted and underwent surgical treatment at one institution. 
There were 41 males (59%) and 28 females (41%). Mean age 
was 39.7 years, ranging from one to 78 years. The post-opera- 
tive follow up periods were ranged from 6 to 171 month 
(mean 34.8 months). Basic demographic data, clinical pre-
sentation and radiologic exams were retrospectively reviewed 
in each patient.

The neurological state was classified according to American 
spinal injury association (ASIA) grade in order to achieve a 
grading of functional disturbance of daily life activities and 
gait disturbances. The neurologic outcome was classified as poor
(A+B), fair (C) and good (D+E) according to the ASIA grade.

Patient’s age at diagnosis, sex, histological origin and grade, 
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Table 1. Histological origin of IMSCTs
Neuroepithelial tumor
  Ependymoma 17 (24.6%)
  Myxopapillary ependymoma  9 (13.0%)
  Astrocytoma (Low grade) 10 (14.5%)
  Astrocytoma (High grade)  4 (5.8%)
  Subependymoma  1 (1.5%)
Non-neuroepithelial tumor
  Hemangioblastoma  7 (10.1%)
  Hemangioma  4 (5.8%)
  Lipoma  4 (5.8%)
  Gliosis  4 (5.8%)
  PNET  3 (4.3%)
  Schwannoma  2 (2.9%)
  Teratoma  2 (2.9%)
  Endodermal cyst  1 (1.5%)
  Benign mesenchymal tumor  1 (1.5%)
  Hemangiopericytoma  1 (1.5%)

tumor location, level of tumor extension, pre-operative neuro-
logic state, initial presenting symptoms and extend of tumor 
resection were reviewed to analyzed prognostic factors. The 
histological origins of IMSCTs were classified into neuroepithelial 
and non-neuroepitheilial tumor. Neuroepithelial tumors were 
classified as low-grade tumors (GradeⅠ+Ⅱ) and high-grade 
tumors (Grade Ⅲ+Ⅳ) by World Health Organization (WHO) 
classification. Tumor localizations were divided into cervical, 
thoracic and conus medullaris. Level of tumor extension was 
classified into less than four involved segments and four or 
more segments. Initial presenting symptoms were divided into 
pain, sensory change and motor weakness. Extend of tumor 
removals were classified as total resection (TR), subtotal rese- 
ction (STR) or biopsy. The TR was defined as complete removal 
of tumor by microscopic surgical finding and postoperative 
MRI finding. All patients had taken magnetic resonance ima- 
ging (MRI) pre- and post-operatively. The patients have under-
gone standard microscopic operations using posterior appro- 
ach. Few patients were monitored intraoperatively with soma-
tosensory evoked potential (SSEP) and motor evoked potential
(MEP). The steroid was prescribed preoperatively in cases with 
acute neurological deterioration or edematous signs of the surro- 
unding spinal cord tissue in MRI.

Statistical analyses were performed using SPSS (version 12.0). 
χ2 test was performed to assess the effect of different vari- able 
on outcome. All p values less than 0.05 were considered statis- 
tically significant.

RESULTS

1. Localization and Histological Type of Intrame- 
dullary Spinal Cord Tumors

The most common tumor localization was thoracic lesion 
(n=32, 46.4%). Conus medullaris (n=19, 27.5%) and cervical 
tumors (n=18, 26.1%) were followed. In 38 patients (55.1%), 
less than 4 segments were involved and in 31 cases (44.9%) 
four or more segments were involved.

There were forty cases of neuroepithelial tumors (58%) and 
29 cases of non-neuroepithelial tumors (42%). Seven patients 
were diagnosed as a high-grade tumor (10.1%) whereas 62 
patients (89.9%) showed low-grade histology. The most com-
mon histological origins of IMSCTs was ependymoma (n=26, 
37.7%) and astrocytoma (n=41, 20.3%) was followed. The 
hemangioblastoma (n=7, 10.1%) was most common histolo- 
gical type in non-neuroepithelial tumors (Table 1).

2. Neurological Outcomes

In all patients, the neurological outcomes were good in 52 

patients (75.4%), fair in 10 (14.5%), and poor in 7 (10.1%). 
Forty seven patients (68.1%) showed the same final neuro-
logical states at last follow-up compared to the preoperative 
neurological state. Sixteen patients (23.2%) showed neuro-
logical improvement, whereas six patient’s (8.7%) neurological 
states were aggravated. One patient showed neurological im-
provement of ASIA grade A to B, ASIA grade C to D in four 
patients and ASIA grade D to E in 11 patients. However, 
one patient’s neurological state was aggravated ASIA grade 
C to A and 5 patients showed neurological worsening ASIA 
grade D to C (Fig. 1).

Postoperative complications were postoperative hematoma 
(2), CSF leakage (1), laminoplasty impingement (1), and aspi-
ration pneumonia (1). In 8 patients, tumor recurred during 
follow-up.

3. Predictive Factors for Post-operative Neuro- 
logical Outcome

Most strong predictive factor for good neurologic outcome 
after surgery for IMSCTs is a patient’s preoperative neurologic 
state. Patients who can gait dependently or independently
(ASIA grade D and E) preoperatively resulted 90.4% of good 
outcome and 9.6% of fair and poor outcomes. However, pa-
tients who cannot gait (ASIA grade A, B and C) resulted only 
29.4% of good outcome and 70.6% of fair and poor outcomes 
(p=0.000). Similarly, patient’s with motor weakness showed 
poor neurological outcome than other symptoms (p=0.029). 
Relations between pre-operative clinical predictive factors and 
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Table 2. Statistic result of predictive factor for post-operative neurological outcome

Risk factor
Postoperative neurologic outcome

p-value
Good Fair Poor

Age
  <40 years 30 (76.9%) 6 (15.4%) 3 (7.7%)

0.843
  ≥40 years 22 (73.3%) 4 (13.3%) 4 (13.3%)
Sex
  Female 21 (75.0%) 4 (14.3%) 3 (10.7%)

1.000
  Male 31 (75.6%) 6 (14.6%) 4 (9.8%)
Histological origin
  Neuroepithelial tumor 30 (75.0%) 7 (17.5%) 3 (7.5%)

0.597
  Non-neuroepithelial tumor 22 (75.9%) 3 (10.3%) 4 (13.8%)
Histological grade 
  Low-grade tumor 49 (79.0%) 8 (12.9%) 5 (8.1%)

0.030
  High-grade tumor  3 (42.9%) 2 (28.6%) 2 (28.6%)
Location of tumor
  Cervical 17 (94.4%) 1 (5.6%) 0 (0.0%) 0.621
  Thoracic 19 (59.4%) 7 (21.9%) 6 (18.8%) 0.011
  Conus medullaris 16 (88.9%) 2 (10.5%) 1 (5.3%) 0.558
Extension of tumor
  <4 levels 42 (80.8%) 5 (9.6%) 5 (9.6%)

0.106
  ≥4 levels 10 (58.8%) 5 (29.4%) 2 (11.8%)
Extend of tumor resection
  Total resection 37 (74.0%) 7 (14.0%) 6 (12.0%)

1.000  Subtotal resection 11 (78.6%) 2 (14.3%) 1 (7.1%)
  Biopsy  4 (80.0%) 1 (20.0%) 0 (0.0%)
Preoperative neurologic state
  ASIA grade D & E 47 (90.4%) 5 (9.6%) 0 (0.0%)

0.000
  ASIA grade A, B, C  5 (29.4%) 5 (29.4%) 7 (41.2%)
Initial presenting symptom
  Motor weakness 25 (62.5%) 9 (22.5%) 6 (15.0%)

0.029  Sensory change  5 (83.3%) 0 (0.0%) 1 (16.7%)
  Pain 22 (95.7%) 1 (4.3%) 7 (10.1%)

Fig. 1. Neurological outcomes by preoperative neurological state.

post-operative neurological outcomes are summarized in Table 2.
Other predictive factors that affect the neurological out-

come are location of tumor (p=0.011) and high grade tumor 
(p=0.03). Tumors in cervical (94.4%) and conus medullaris 
(88.9%) lesion result better neurological outcomes than in 
thoracic (59.4%) lesion. In contrast, poor outcome in higher 

in thoracic (18.8%) than in cervical (0%) and conus medullaris 
(5.3%). High grade tumor shows 42.9% of good outcome 
and 28.6% of poor outcome, whereas 79% of patients showed 
good outcome and 8.1% showed poor outcome in low grade 
tumor.

Patient’s sex, age (less or more than 40 years), histological 
origin (neuroepithelial versus non-neuroepithelial), level of tu-
mor extension, and extend of tumor resection (total resection, 
subtotal resection or biopsy) were not associated with post-
operative neurological outcome.

DISCUSSION

In the past, some physicians recommended conservative 
surgery followed by irradiation for IMSCTs because total re-
moval of tumor may injure normal spinal cord around the 
tumor34). However, improving medical instruments such as 
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Fig. 2. This 55 years old male patient visit hospital with para-
paresis (ASIA grade C). Pre-operative spinal MRI shows intra-
medullary ependymoma from T9 to T12 with cystic component 
and syrinx and heterogeneous enhancement (A). Intra-operative
neurophysiologic monitoring before tumor removal shows weak 
motor evoked potential (MEP) (black arrow) (B). MEP is diminis- 
hed (black arrow) after tumor removal (C). Post-operative spinal
MRI shows that tumor is totally removed (D). However, the pa-
tient’s neurological state is aggravated to ASIA grade C to A.

high field MRI, surgical tools including microscope with high- 
definition technology, ultrasonic aspirator and intraoperative 
monitoring, surgery of IMSCT has become much safer1). Re- 
cently, a microsurgical resection is considered as gold stan- 
dard in the treatment of IMSCT with the aim of complete 
tumor removal3). Radiotherapy and chemotherapy should only 
be preserved for high grade lesions or some cases of low grade 
tumor with incomplete resection and clinical worsening28). 
Recently, stereotactic radiosurgery for intramedullary spinal 
lesion has been reported26). Stereotactic radiosurgery was done 
on metastasis, vascular malformation and benign tumor. Alth- 
ough very limited number of cases was done, they suggested 
that stereotactic radiosurgery is an effective and safe alternative 
option to conventional radiotherapy.

This study shows better outcomes than previous study (un- 
published) of our institution on IMSCTs. Previous study analy- 
zed 43 patients who received surgery for IMSCTs between 
1984 and 1995. Neurological statues were improved in 11
(25.6%) patients postoperatively. Twenty-two patients (51.2 
%) showed unchanged function outcome. However, 10 (23.3 
%) patients showed worsening of functional outcome whereas 
only 6 patients out of 69 (8.7%) showed neurological worsen-
ing in this study. Even though improving medical techniques 
may result better clinical outcome after surgical removal of 

IMSCTs, surgical treatment of IMSCTs is very challenging. 
Various clinical factors were proposed as predictive factors of 
functional outcome after IMSCTs surgery. In this study, we 
also analyzed to identify predictors of postoperative functional 
outcome. Preoperative inability to walk, thoracic location and 
high-grade tumor were independently associated with poor 
post-operative functional outcome. Patient’s sex, age, histolo- 
gical origin, level of tumor extension and extend of tumor 
resection were not significantly associated with postoperative 
functional outcomes in this study.

This study also supports the findings of previous reports 
about predictors about IMSCT that preoperative ability to 
walk is the strongest predictive factor of postoperative out-
come5,6,9-11,13,15,32,33). These results not only emphasize the im-
portance of early recognition of symptoms and evaluations 
of IMSCT but also recommend early surgical treatment out-
come10,11,13,20,24,25). The operation should be immediately per-
formed not to wait the onset of clinical deterioration to maxi- 
mize a chance of preserving an ability of walk.

Furthermore, in our study the tumors in thoracic lesion 
were associated with poor prognosis (Fig. 2). Various studies 
also showed that tumors arising at thoracic cord were related 
to poor neurological prognosis1,13,24,33). These could be occur- 
red irreversible damages caused by poor microcirculation and 
the narrow spinal canal than other spinal lesions during intra-
operative maneuver. Early surgical interventions should be im-
portant in cases with thoracic tumors, even if the neurologic 
defect is mild. Because prolonged compression of IMSCT, 
amount of blood flow was increasingly reduced. The possibility 
of postoperative poor prognosis increased when neurological 
defect was happened. Additionally, thoracic spinal cord had 
been reported to be more liable to radiation damage18,27), 
which may be a cause of neurologic defects in survivors with 
malignancy tumors. On the other hands, thoracic IMSCT was 
associated with increased survival when compared to other 
locations22,25). Tumors located in the thoracic spinal cord take 
longer time to invade respiratory center leading to respiratory 
failure (common cause of death among patients with intrame- 
dullary malignancy tumors) than tumors initially growing from 
the cervical spinal cord25).

This report showed that high-grade tumors had poor neuro-
logical outcome. This is maybe due to poor margin between 
tumor and normal spinal cord. High grade tumor tends to 
infiltrate to normal spinal cord which results obscure surgical 
plane. Removal of high grade tumor may also injured normal 
spinal cord resulting poor neurological outcome. Additionally, 
high-grade tumors require pre- or post-operative radiotherapy, 
which could result poor functional outcome38,39). Preoperative 
radiotherapy may cause radiation-induced myelopahty and/or 
myelitis19) and compromise the spinal cord microvasculature 
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which lead to spinal cord ischemia. Beside of neurological out-
come, high grade tumors also show poor survival outcome. 
There are some reports that the patients with glioblastoma 
had a higher mortality and poor prognosis in malignancy spinal 
cord tumors21,29,36). These results were caused by the difficulty 
of total resection of high grade tumors. The rate of complete 
resection was approximately 90% for ependymoma and he-
mangioblastoma and 50-76% in low grade astrocytoma11). 
However, a complete resection was possible only in 16.6% 
of malignancy tumors37). But adult patients with malignant 
intramedullary tumors treated with gross total resection had 
a significantly lower mortality and prognosis than patients 
treated with subtotal resection, biopsy, or non-surgical meas-
ures36). The total resection of malignancy tumor was difficulty 
but may improve survival.

Recently, advanced microsurgical skills and intraoperative 
neurophysiological monitoring have made more aggressive cha- 
nces for total and nearly total resection of IMSCT8,17,30). In 
this study, the extent of tumor resection was not associated 
with postoperative neurological outcome. But several authors 
reported a series with complete tumor removal and good post-
operative functional outcome9,10,22). We didn’t found statistical 
results between extent of tumor resection and neurological 
outcome, thought that total resection should be tried in 
low-grade tumors. Only in high-grade tumors and the tumors 
where total removal had not been possible, we suggested parti-
al resection or biopsy with radiotherapies and chemotherapies. 
Neurosurgical advances such as improving neuroimaging, intra-
operative neurophysiological monitoring, microsurgical techni-
que, and operative instruments made it possible to achieve total 
resection of IMSCTs. So neurosurgeons should be having a 
challenging attitude to total removal of low-grade tumors.

The intraoperative neurophysiologic monitoring (IONM), 
combined recording of SSEPs and transcranial MEPs, has be-
come a best material for intraopertative testing of spinal cord 
function in intramedullary spinal cord tumor surgery7). In 
many reports showed that IMSCT surgery with IONM was 
appeared aggressive removal of IMSCT and good state of neu-
rologic performance16,23,31). These reports used a combined 
D-wave (epidural MEPs) and muscular MEPs (mMEPs). Hyun 
et al.14) reported that IONM combined SSEPs and mMEPs was 
good method to prevent irreversible pyramidal tract damage. 
However, Choi et al.4) reported that the groups performed 
operation under SSEPs and mMEPs didn’t significantly asso-
ciate with total excision of tumor and postoperative well neuro-
logic outcomes. In our study, only 7 patients’ operations were 
performed with IONM combined SSEPs and mMEPs and one 
patient showed decreased MEP during tumor removal. For this 
reason, it is hard to explain the relationship between the usage 
of IONM and the neurological outcome in this study. It was 

necessary that prospective and randomized controlled research 
to confirm an association between IONM(SSEPs and mMEPs) 
and postoperative neurologic outcomes.

CONCLUSION

The recent surgical result of patients with IMSCTs was rela-
tively good with minimal deterioration and complication rate. 
The most reliable predicting factor of postoperative neuro-
logical outcome is the preoperative neurological state. Another 
predictive factor is the histological grades of the IMSCTs. 
High-grade tumors result poor neurological outcome. In addi-
tion, IMSCTs in thoracic region showed relatively bad out-
come and had a risk of postoperative morbidity compared 
to that in other regions.
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