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Objective: Spinal cord tumors constitute a small part of spinal surgery owing to their rarity. 
This retrospective study describes their current management.
Methods: Forty-eight patients were treated for an intramedullary tumor between 2014 and 
2020 at a single institution. Patients’ files were retrospectively studied. We detailed clinical 
status according to neurological deficit and ambulatory ability using the modified McCor-
mick Scale, radiological features like number of levels, associated syringomyelia, surgical 
technique with or without intraoperative electrophysiological monitoring, pathological find-
ings, and postoperative outcome.
Results: The median age of this population was 43 years, including 5 patients under 18 years. 
The median delay before first neurosurgical contact was 3 months after the first clinical com-
plaint. Treatment was gross total resection in 43.8%, subtotal resection in 50.0%, and bi-
opsy in 6.2%. A laminectomy was performed for all the patients except 2 operated using 
the laminoplasty technique. Pathological findings were ependymoma in 43.8%, hemangio-
blastoma in 20.8%, and pilocytic astrocytoma in 10.4%. Six patients were reoperated for a 
tumor recurrence less than 2 years after the first surgical resection. One patient was reoper-
ated for a postoperative cervical kyphosis.
Conclusion: Intramedullary tumors are still a challenging disease and they are treated by 
various surgical techniques. They must be managed in a specialized center including a trained 
surgical, radiological, electrophysiological, and pathological team. Arthrodesis must be 
discussed before performing extensive laminectomy to avoid postoperative kyphosis.
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INTRODUCTION

Primary spinal cord tumors are a small part of spinal surgery, 
accounting for around 4% of all central nervous system (CNS) 
tumors with an incidence of less than 1/100,000 person-years.1-3 
They arise mainly in neuroepithelial tissue (astrocytoma and 
other glial tumors, ependymomas) or in mesenchymal cells such 
as hemangioblastomas.2,4 Given this variety and low incidence, 
their incidence, clinical presentation, radiological features, and 

management vary considerably.5-8

Fewer than half of patients have a neurological improvement 
at postoperative follow-up.5 Due to the challenging surgery, the 
high rate of neurological deterioration after surgery, and patho-
logical outcome, their optimal management remains a matter 
of debate. A literature search has been performed (2014–2020) 
to identify the key issues in primary spinal cord tumor manage-
ment in terms of epidemiology, surgical technique, intraopera-
tive monitoring, imaging characteristics, relevant pathological 

Neurospine
eISSN 2586-6591 pISSN 2586-6583 

This is an Open Access article distributed under 
the terms of the Creative Commons Attribution 
Non-Commercial License (https://creativecom-
mons.org/licenses/by-nc/4.0/) which permits 
unrestricted non-commercial use, distribution, 
and reproduction in any medium, provided the 
original work is properly cited.

Copyright © 2022 by the Korean Spinal 
Neurosurgery Society 

Neurospine 2022;19(1):108-117.
https://doi.org/10.14245/ns.2143190.595

http://crossmark.crossref.org/dialog/?doi=10.14245/ns.2143190.595&domain=pdf&date_stamp=2022-03-31


Intramedullary Spinal Cord LesionsJecko V, et al.

https://doi.org/10.14245/ns.2143190.595 � www.e-neurospine.org   109

findings, and functional outcome after surgery.

MATERIALS AND METHODS

1. Population
All patients operated for an intramedullary spinal cord lesion 

between 2014 and 2020 and registered in the database of our 
Neurosurgery Department of the University Hospital of Bor-
deaux, France, were reviewed by PR and LM. We excluded all 
patients treated for intradural extramedullary lesions. Medical 
history, clinical status, pathological findings, the World Health 
Organization (WHO) grade, and radiological results were ana-
lyzed. This study has been approved by the Institutional Review 
Board of Collège de Neurochirurgie (N° IRB00011687).

2. Outcomes
The patients were first described according to age, sex, delay 

before first contact with neurosurgical team, and clinical fea-
tures such as spinal pain or neurological deficit. Autonomy was 
assessed with the modified McCormick Scale (mMCS). Radio-
logical presentation was detailed according to number of levels 
involved, tumor location, and association with syringomyelia 
or not. Surgical management was classified into 3 types: gross 
total resection (GTR), subtotal resection (STR), and biopsy. In-
traoperative management was reported as with or without elec-
trophysiological neuromonitoring, and laminectomy or lami-
noplasty. Adjunctive treatments were recorded during the first 
2 postoperative years.

3. Statistical Analysis
Statistical analysis was performed using Excel (Microsoft, Red-

mond, WA, USA). We used the Student t-test and a p-value of 
less than 0.05 was considered significant.

RESULTS

Patients’ data are summarized in Table 1. Forty-eight patients 
were operated for an intramedullary lesion between 2014 and 
2020 (27 males, 21 females). The median age was 43 years, in-
cluding 5 patients < 18 years. The median delay between first 
clinical complaint and first neurosurgical contact was 3 months. 
Twenty-three patients (47.9%) complained of spinal pain. Pre-
operative evaluation revealed a motor deficit in 52.0% of pa-
tients (25 of 48), a sensory deficit or dysesthesia in 70.8% (34 of 
48), and bowel or bladder dysfunction in 31.2% (15 of 48). The 
median mMCS score was 2. Twelve patients (25.0%) were treat-

Table 1. Population data

Variable Value

Sex (%)
Female 21 (43.8)
Male 27 (56.2)

Age (yr) 43 (12–76)
   < 18 yr 5 (10.2)
Delay between first symptoms and neurosurgical 

consultation (mo)
3.0 (2.0–4.0)

Preoperative spinal pain (%) 23 (47.9) 
Preoperative neurological deficit

Motor deficit 25 (52.0)
Sensitive deficit/dysesthesia/paresthesia 34 (70.8)
Bowel or bladder dysfunction 15 (31.2)

Modified McCormick Scale 2.3 ± 1.1
Preoperative corticosteroid 12 (25.0)
No. of spine levels 2 (1–3)

Cervical 18 (37.5)
Thoracic 27 (56.2)
Conus medullaris 5 (10.4)

Syringomyelia 21 (43.7)
Immediate postoperative clinical deterioration 28 (58.3)
Intraoperative evoked potentials monitoring 25 (52.0)

Intraoperative evoked potentials deterioration 12/25 (48.0)
6-Month modified McCormick Scale 2.5 ± 1.0
Surgical technique

Laminectomy 46 (95.8)
Laminoplasty 2 (4.1)
Gross total resection 21 (43.8)
Subtotal resection 25 (52.0)
Biopsy 3 (6.2)

Pathological findings
Ependymoma 25 (43.8)
Hemangioblastoma 10 (20.8)
Pilocytic astrocytoma 5 (10.4)
Cavernomas 3 (6.2)
Glioblastoma 1 (2.1)
Rosette-forming glioneuronal tumor 1 (2.1)
Metastasis 2 (4.1)
Unknown 1 (2.1)

Postoperative radiotherapy 15 (31.2)
Chemotherapy 4 (8.3)
Reoperation < 2 yr 7 (14.6)
Postoperative follow-up (mo) 24 (19.5–29.5)

Values are presented as number (%), median (interquartile range), or 
mean ± standard deviation.
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ed with corticosteroids before the intervention. Pathological 
findings were 3 cavernomas, 25 ependymomas (1 tumor was 
WHO grade 1, 21 were WHO grade 2, 3 were WHO grade 3) 
with a mean proliferation index (Mib-1) 4.3%± 2.7%, 10 heman-
gioblastomas, 5 pilocytic astrocytomas, 2 metastases, 1 glioblas-
toma, 1 rosette-forming glioneuronal tumor, and 1 unknown. 
(28 of 48) Twenty-eight patients (58.3%) experienced immedi-
ate postoperative worsening. The median mMCS at 6 months 
was 2± 1.1.

The median number of levels involved was 2. Tumors involved 
the cervical spine in 37.5% (18 of 48), the thoracic spine in 56.2% 
(27 of 48), and the conus medullaris in 10.4% (5 of 48). Syrin-
gomyelia was reported in 41.7% (21 of 48). Patients treated for 
tumors involving the cervical spine had a preoperative mean 
mMCS of 2.33± 1.23, and mean mMCS at 6 months of 2.59± 0.7. 
When the thoracic spine was involved, the preoperative mean 
mMCS was 2.37± 1.18, and the mean mMCS at 6 months was 
2.52 ± 1.0. The cona medullaris had the best outcome with a 
mean preoperative mMCS of 1.83±0.75, and a mMCS at 6 mon
ths of 1.83± 0.9. When syringomyelia was associated, the mean 
mMCS at 6 months was 2.6± 1.0. Without syringomyelia, the 
mean mMCS at 6 months was 2.4± 1.22.

The 25 patients treated for an ependymoma had a preopera-
tive mMCS of 2.3± 1.0. Of these, 44% (11 of 25) presented an 
immediate postoperative degradation with a postoperative (6 
months) mMCS of 2.4± 1.1, without any significant difference 
according to preoperative status (p= 0.78). The 5 patients treat-
ed for a pilocytic astrocytoma had a preoperative mMCS of 
2.4± 1.7. Three of these 5 patients presented an immediate post-
operative degradation with a similar mean postoperative (6 mon
ths) MCS of 2.4± 1.1. The 10 patients treated for a hemangio-
blastoma had a preoperative MCS of 2.3± 1.2. Nine of them pre-
sented an immediate postoperative degradation with a similar 
mean postoperative (6 months) MCS of 2.7± 1.0. The difference 
was nonsignificant (p= 0.20).

All the patients underwent a laminectomy except for 2 lami-
noplasties. Of the 48 patients, 25 (52.0%) were monitored using 
intraoperative evoked potentials. Of these, 19 (76.0%) experi-
enced an immediate postoperative clinical deterioration, includ-
ing (12 of 25) 12 (48.0%) with intraoperative electrophysiologi-
cal deterioration and 13 (52.0%) without intraoperative monitor-
ing. These monitored patients had a mean preoperative mMCS 
of 2.2± 1.1 and a mean mMCS at 6 months of 2.8± 1.0, without 
significant difference (p= 0.14). Among the patients operated 
without intraoperative electrophysiological monitoring, 39.1% 
(9 of 23) suffered an immediate postoperative neurological de-

terioration with a mean mMCS at 6 months of 2.35± 1.0. These 
results are presented in Table 2.

Twenty-one patients (43.7%) underwent GTR, 24 (50.0%) 
STR, and 3 (6.2%) biopsies. Among the 25 patients treated for 
ependymoma, 9 (36.0%) underwent a GTR, and 16 (64.0%) a 
STR. Among the 10 patients treated for hemangioblastoma, 7 
underwent a GTR, 2 a STR, and 1 biopsy. Among the 5 patients 
treated for pilocytic astrocytomas, 1 underwent a GTR, 3 a STR, 
and 1 biopsy. Among the 8 other patients, 4 underwent a GTR, 
3 a STR, and 1 a biopsy.

Among the patients treated with adjunctive radiotherapy, 
pathological findings included 11 ependymoma, 2 metastases, 
and 1 pilocytic astrocytoma. Six patients were reoperated less 
than 2 years after the first surgical resection, all for an ependy-
moma except one hemangioblastoma for a second location. Among 
patients reoperated for an ependymoma, one was treated for a 
posterior cervical arthrodesis due to a postoperative kyphosis. 
This patient had been treated for an extended ependymoma 
from C1 to C7 with a laminectomy.

No patient experienced any postoperative cerebrospinal fluid 
leak or required reoperation for hematoma or infection. The 
median postoperative follow-up was 24± 5.5 months.

DISCUSSION

1. Epidemiology
Our single-center experience included 48 patients operated 

for an intramedullary spinal cord tumor. Owing to progress in 
surgical techniques, imaging, and molecular analysis, we focused 
only on the 6 past years. Our population was predominantly 
male (56% vs. 44%), as elsewhere.5 Median age was 43 years 

Table 2. Electrophysiological monitoring

Monitoring No. (%)

Intraoperative evoked potentials monitoring 25/48 (52.1)

Intraoperative evoked potentials deterioration

   Yes 12/25 (48.0)

   No 13/25 (52.0)

   Gross total resection 10/25 (40.0)

   Subtotal resection 13/25 (8.0)

   Biopsy 2/25 (6.2)

Immediate postoperative clinical deterioration 28/48 (58.3)

Intraoperative electrophysiological monitoring

   Yes 19/28 (67.8)

   No 9/28 (32.2)



Intramedullary Spinal Cord LesionsJecko V, et al.

https://doi.org/10.14245/ns.2143190.595 � www.e-neurospine.org   111

and 5 patients were under 18 years. Patients’ age varies consid-
erably in the literature.2,5,9

Spinal tumors include intradural extramedullary tumors, ex-
tradural tumors, and intradural intramedullary tumors. We se-
lected patients treated for an intramedullary tumors including 
66.7% (32 of 48) of gliomas, which represent 80% of all intra-
medullary tumors.10 Of these gliomas, 52.1% (25 of 48) were 
ependymomas and 10.4% (5 of 48) were pilocytic astrocytomas. 
There was one glioblastoma and one rosette-forming glioneu-
ronal tumor. Regarding intramedullary tumors, our population 
seems similar to those in the recent literature, with a predomi-
nance of ependymomas followed by hemangioblastomas.11,12

We included 3 patients with spinal cavernomas, even though 
they are considered by some as tumors or as malformations by 
others.13,14 Results are probably not significantly modified by 
these 3 patients.

1) Genetic factors
The University of Bordeaux is the regional reference center 

for von Hippel-Lindau disease, thus explaining the large num-
ber of hemangioblastomas, which is higher than in the litera-
ture (20.8% compared to 2.1% in the SEER database15). Indeed, 
only one of our patients treated for spinal hemangioblastoma 
was not followed for von Hippel-Lindau disease.

2) Tumor location
Ependymomas were more likely located in the thoracic spine 

(56%, i.e., 14 of 25 of all ependymomas). Hemangioblastomas 
more often involved the cervical spine (60%, i.e., 6 of 10 of all 
hemangioblastomas). Pilocytic astrocytomas involved the cer-
vical spine in 2 cases and the thoracic spine in 3 cases. These 
localizations are similar to those reported by others.5,15

3) Clinical presentation
Associated syringomyelia is reported to be a favorable prog-

nostic factor,2 and a syrinx was observed at diagnosis in 43.7% 
of patients.

Even if the real relationship between a delayed diagnosis and 
the overall final functional outcome has not been analyzed in 
the literature, it seems plausible to affirm that a delayed neuro-
surgical contact might decrease the overall final outcome. In 
our retrospective experience, the mean delay appears to be quite 
high, and it might probably be improved by the training of the 
general physicians. A spinal cord tumor must be suspected in 
presence of motor or sensory deficit reported in 70%, and spi-
nal pain in half of our patients (47.9%), showing the interest of 

inform general physicians, and all spine surgeons.
The mean mMCS of patients with syringomyelia 6 months 

after surgical resection was 2.6± 1.0 and was 2.4± 1.22 in those 
without syringomyelia, with a nonsignificant difference. This 
lack of difference may be because the mMCS lacks sensitivity. 
In addition, our population included a high percentage of he-
mangioblastomas. Hemangioblastomas have a high rate of as-
sociated syringomyelia and a poor functional outcome due to 
the context of a genetic disease involving several possible tumor 
sites. As in the literature, our patients had a mean preoperative 
modified McCormick score of 2.3± 1.1, and a mean postopera-
tive mMCS at 6 months of 2.5± 1.0.16,17

Intramedullary spinal cord tumors may present a scoliosis 
without neurological signs. Those treating spinal deformities 
should suggest a spine magnetic resonance imaging (MRI) at 
the beginning of the follow-up.18

2. Radiological Features
MRI is the modality of choice to evaluate spinal cord tumors. 

Conventional sequences include T1- and T2-weighted imaging 
in the sagittal and axial planes, followed by contrast-enhanced 
T1-weighted imaging. Screening of the entire spine is necessary 

Fig. 1. Ependymoma (World Health Organization grade II) in 
a 57-year-old woman. (A, C) Sagittal and axial T2-weighted 
images reveal a heterogeneous expansile intramedullary mass 
in the cervical spine, with intratumoral cysts (white arrow) 
and hemosiderin cap sign (white arrowhead) at the inferior 
margins of the mass. Surrounding edema is present associated 
with syringohydromyelia (black arrowhead). (C) Axial T2-
weighted image confirms the central location in the spinal 
cord. (B, D) Sagittal and axial contrast-enhanced T1-weighted 
images show intratumoral enhancement (black arrow) at C5–6 
levels.

A B

C
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so as not to miss lesions or metastases. Diffusion-tensor imag-
ing may be performed in the preoperative plane to detect white 
matter fiber tract alterations at the cord tumor interface. Infil-
tration of fiber tracts may indicate an absent cleavage plane be-
tween the tumor and normal adjacent cord, whereas displace-
ment of fiber tracts suggests the safe resection of the tumor.

After confirming the intramedullary topography, the location 
within the spinal cord, the signal intensity, the enhancement, 
and the margins must be analyzed.19 Intramedullary masses 
usually expand the spinal cord parenchyma whereas extramed-
ullary lesions displace it. Different neoplastic entities arise from 
different compartments of the spinal cord. Eccentric masses 
such as astrocytic tumors arise from the peripheral white mat-
ter, and centered masses like ependymal tumors arise from the 

central canal. Moreover, some tumors have a particular spinal 
location. For example, hemangioblastomas typically develop on 
the pial surface, while myxopapillary ependymomas arise from 
the conus medullaris or the filum terminale.

Enhancement analysis differentiates subependymomas from 
diffuse astrocytomas (WHO grade 2), which do not present 
significant enhancement, unlike other tumors which usually 
enhance. Ependymomas are characterized by a centered loca-
tion, well-defined margins, a heterogeneous signal with cystic 
or hemorrhagic components, including polar cysts or a hemo-
siderin cap sign at the superior or inferior margins. They may 
be surrounded by edema or syringohydromyelia. Astrocytomas 
present as an eccentric spinal mass. Cystic changes are possible, 
while hemorrhage is less common than in ependymomas. Pilo-

Fig. 2. Not all expansile intramedullary lesions are neoplastic. Case 1: Perimedullary arteriovenous fistula. (A, C) Sagittal and 
axial T2-weighted images reveal an extensive centromedullary T2-hyperintense spinal cord edema from T7 to the conus medul-
laris responsible for enlargement of spinal cord. (B) Sagittal contrast-enhanced T1-weighted image shows intramedullary het-
erogeneous enhancement of conus medullaris (white arrows). Case 2: Central nervous system cavernomatosis with multiple spi-
nal cavernomas. Sagittal and axial T2-weighted gradient-recalled echo sequences (B, D) are more sensitive than T2-weighted 
spin-echo (SE) sequences (A, C) to detect hemosiderin, showing prominent blooming at C4 and T7 levels (white arrow). Caver-
nomas are usually nonenhancing intramedullary lesions (not shown). Axial T2-weighted SE sequence (C) reveals typical hypoin-
tense rim (white arrowhead). Case 3: Inflammatory neuromyelitis optica. Sagittal T2-weighted images (A) reveal expansile T2-
hyperintense myelitis from C2 to C7 with heterogeneous enhancement on sagittal contrast-enhanced T1-weighted image (B).

Case 1 Case 2 Case 3

A C

B

A

C

B

D

A

B
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cytic astrocytomas are well-circumscribed gliomas, while astro-
cytomas have ill-defined margins and tend to be of higher grade. 
The presence of syringohydromyelia, which is more commonly 
seen in spinal cord ependymoma, is perhaps the most signifi-
cant factor distinguishing ependymomas from astrocytomas.20 
(Fig. 1). Hemangioblastomas usually appear as a hypervascular 
enhancing nodule located on the pial surface especially in pa-
tients with von Hippel-Lindau syndrome, but they may also ap-
pear as a larger intramedullary mass (Fig. 2). Tumoral fluid se-
cretion from leaky vessels causes syringomyelia or a “cyst with 
nodule” appearance in more than 50% of cases.21 Flow voids 
due to enlarged vessels may be visible at the periphery of the 
cyst.22 Not all expansile intramedullary lesions are neoplastic. 
The main differential diagnosis is inflammatory myelitis, caver-
noma, and spinal dural arteriovenous fistula (flow voids on 
spin-echo MRI).

3. Surgical Technique
Following general anesthesia, the patient is placed in the prone 

position. The level is identified by a lateral x-ray film. Surgery is 
performed via a posterior approach with a midline skin inci-
sion and subperiosteal muscle dissection, followed by laminec-
tomy or laminoplasty to expose the thecal sac. Laminoplasty 
was performed in 2 cases involving 3 levels, while laminectomy 
was used in the remaining 46 cases. When the laminoplasty 
was planned, the spinous processes and interspinous ligaments 
were left intact and the involved laminae were cut bilaterally in 
a caudal-to-rostral direction and removed as a single unit with-
out disrupting the facet joints. The dura was opened at the mid-
line and retracted by tenting sutures. Myelotomy was then per-
formed with a microscope after locating the median posterior 
sulcus (sometimes paramedian posterior sulcus, depending on 
vascularization positioning) and was extended to expose the 
superior and inferior limits of the tumor in order to minimize 
manipulating the spinal cord. Central debulking of the tumor 
was performed with an ultrasound aspirator followed by dis-
section of the tumor periphery from the normal cord at the cleav-
age plane, with total removal being the aim in all cases if such a 
plane existed. In infiltrative tumors lacking a good cleavage plane, 
maximum resection was attempted with special attention to 
any changes in the action potentials. Fluorescence guidance for 
complete tumor resection is showing promise.23 The dura was 
then closed with a water-tight suture. In the event of lamino-
plasty, the laminae were reattached using titanium microplates 
followed by standard closure.

One patient was reoperated with a posterior cervical arthrod-

esis for postoperative cervical kyphosis. He was first treated for 
an extended cervical ependymoma involving the entire cervical 
cord. The current literature recommends a spinal arthrodesis 
after resection of an intramedullary lesion involving more than 
3 levels and with a laminectomy encompassing a spinal junc-
tion.24,25 The arthrodesis should probably have been performed 
during the first surgery. This raises the issue of the type of ra-
diological modalities to be performed after histological findings.

Detailing our surgical resections, the rate of GTR seems to be 
quite lower than the current literature, particularly in ependy-
momas’ resections (36.0% of GTR). Our retrospective cohort 
included only one ependymoma WHO grade 1, 21 ependymo-
mas grade 2, and 3 grade 3. This specificity might explain this 
low GTR rate.

4. Intraoperative Neuromonitoring
Even if this study did not detail enough the intraoperative 

neuromonitoring (IONM) to draw conclusions, the current lit-
erature confirms the interest of this important tool in spinal 
cord surgery.26 In 2012, the American Academy of Neurology 
recommended that IONM with somatosensory evoked poten-
tials (SSEPs) and transcranial motor evoked potential (Tc-MEP) 
should be performed to predict an increased risk of adverse 
outcomes such as paraparesis, paraplegia, and quadriplegia. By 
identifying the structures involved, it is possible to predict post-
operative motor deficits in lesions of the central and peripheral 
nervous system by using the multimodal system according to 
the tumor location. These modalities include MEPs, SSEPs, 
electroencephalography (EEG), and electromyography.

Anesthesia protocols are adapted to IONM, with a combina-
tion of propofol, fentanyl, and ketamine. Halogenated agents 
are contraindicated since they can abolish the responses of motor 
evoked potentials, while muscle relaxants like curare are limited 
to the induction phase.

Evoked potentials are performed before the end of surgery, 
before and after opening the dura mater, during tumor resec-
tion, and before and after closure of the dura mater. We analyzed 
25 patients with multimodal IONM (MEPs, SSEPs, electroneu-
romyography, and EEG), all of them with electrodes positioned 
according to the lesion area. We analyzed the activity of 5 mus-
cles in the upper and lower limbs, i.e., one supralesional, and 
performed SSEPs on the posterior tibial nerve. A decrease in 
amplitude of 50% in MEP response triggers an alarm and a de-
crease of 70% or more indicates that surgery must be stopped. 
SSEPs are less specific but flattening of responses can also ob-
served. In the 3 patients (12%) where we lost an MEP signal, we 
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used the D-wave. Combining muscle MEPs with D-wave re-
cording is the most comprehensive way to assess the functional 
integrity of the spinal cord tracts during surgery for intramed-
ullary spinal cord tumors.27

Finally, caution is required with IONM. Resection should be 
temporality halted if the MEP signal starts to decrease, and it 
should be stopped definitively if the patient’s functional prog-
nosis is compromised. This decision also depends on preopera-
tive discussions with the patient.

5. Pathological Findings
Ependymomas are the most frequent primary intramedul-

lary spinal tumors.28 The 2021 WHO classification of CNS tu-
mors distinguishes different subtypes of ependymoma accord-
ing to their initial anatomical location (supratentorial, posterior 
fossa, and spinal) and associated molecular alterations.29 As for 
other localizations, ependymomas with a spinal origin are clas-
sified as grade 2 or grade 3 (anaplastic) according to the histo-
prognostic WHO criteria. There is not yet sufficient molecular 
evidence to call this grading system into question (Fig. 3). Nev-
ertheless, a high level of MYCN amplification evidenced by flu-
orescence in situ hybridization is associated with a more aggres-
sive subclass of spinal cord ependymoma that is characterized 
by early dissemination and mostly anaplastic morphology.30,31

The spinal ependymomas include myxopapillary tumors. 
These constitute a particular entity and are commonly located 
in the conus-cauda equina region of the spine, mostly in young 
adults. Initially described as a benign grade 1 tumor, it is now 
considered CNS WHO grade 2 on the basis of a risk of recur-
rence similar to classical ependymoma.32

Primary spinal pilocytic astrocytoma is rare, representing only 
about 2%–5% of all PAs and about 10% of spinal tumors.33 These 
tumors are characterized by a high frequency of alterations in 
the mitogen-activating protein kinase pathway, which mainly 

affect the BRAF gene either by a mutation (V600E) or by a tan-
dem duplication resulting in a fusion gene between KIAA1549 
and BRAF.34 These alterations are rarer than in cerebellar or 
encephalic tumors but can serve as diagnostic as well as thera-
peutic evidence thanks to the development of targeted thera-
pies35 (combined BRAF and MEK inhibitors). Other primary 
spinal glial tumors are exceptional, and concomitant encephalic 
(glioblastoma, oligodendroglioma, astrocytoma, glioneuronal 
tumors) or brainstem tumors (altered H3K27M Diffuse Intrin-
sic Pontine Glioma) should be investigated. Spinal cavernoma 
and spinal hemangioblastoma are also less frequent than ence-
phalic and cerebellar presentations and necessitate research of 
family history or genetic testing.

6. Postoperative Follow-up
Our median postoperative follow-up was 24 months, which 

seems short. However, our patients were often followed up in 
another oncological center for geographical reasons. Based on 
current recommendations, 15 patients underwent postopera-
tive radiotherapy, including 11 ependymomas, 2 metastases, 1 
glioblastoma, and 1 recurrent pilocytic astrocytoma. Among 
these patients, 4 were treated with chemotherapy, including both 
patients treated for a medullar metastasis, 1 patient treated for a 
pilocytic astrocytoma, and the patient treated for a glioblasto-
ma. Among the 7 patients reoperated within 2 years after the 
first surgery, 6 had an ependymoma and one a hemangioblas-
toma. The latter was reoperated for another occurrence of he-
mangioblastoma due to von Hippel-Lindau disease.

7. Adjuvant radiotherapy
Radiation therapy (RT) is not only an adjuvant treatment for 

medullar tumors, even though it is mostly used for the postop-
erative bed and/or nonoperable lesions. Stereotactic RT is open-
ing new possibilities and is commonly used for reirradiation or 

Fig. 3. (A) Anaplastic ependymoma grade 3 MYCN amplified – (HES, × 20): highly cellular tumor with perivascular pseudoro-
settes, nuclear atypia, and brisk mitotic activity (arrows). (B) Extensive tumor necrosis (HES, × 10). (C) High ki-67 labeling (× 2.5).
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relapse.36 Protontherapy is preferable in pediatric patients, when 
available. Adjuvant medullar RT is recommended for high-grade 
tumors such as gliomas and ependymomas following STR.9,37 
In rare cases of leptomeningeal spread of lymphoma or epen-
dymomatosis, craniospinal irradiation may be discussed. In some 
cases of hemangioblastoma or metastasis from another neoplasm, 
stereotactic RT may replace normofractionated RT.38,39 The risk 
of medullar toxicity is feared by radiation oncologists and limits 
the RT dose escalation: 45 Gy is the usual limit, while a 50-Gy 
dose carries a 0.2% risk of myelopathy, 60 Gy 6%, and 69 Gy 
50%.40

CONCLUSION

The natural history of spinal cord tumors is associated with 
poor functional outcome, and depending on the type, with poor 
oncologic outcome. These highly challenging conditions need 
specific management, but the first diagnostic suspicion might 
concern every general physician. Due to the lack of improve-
ment of the long-term outcome during the last decades, we de-
scribed the clinical complaints in order to remind every involved 
physician.

Complete surgical removal significantly improves the outcome 
but can lead to high morbidity and a disabling course. Thus, 
these patients require specific management including special-
ized imaging, a trained surgical team, highly specific pathologi-
cal analyses, and an oncological follow-up. Intraoperative elec-
trophysiological monitoring may guide the intraoperative sur-
gical resection, so it has a clear prognostic value for assessing 
the risk/benefit ratio of GTR. Ependymoma and pilocytic as-
trocytoma are the most frequent intramedullary tumors besides 
genetic mutations like von Hippel-Lindau disease. In our opin-
ion, specific imaging is mandatory to avoid making preopera-
tive diagnostic mistakes and erroneous surgical decisions.

These rare pathologies are incompletely understood, and fur-
ther prospective studies and epidemiological studies would be 
useful to understand their risk factors and to improve their man-
agement as an early diagnosis and treatment play a key role in 
the management of these conditions.
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