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Abstract
Objective: Our aim is to assess the surgical management of intramedullary spinal cord tumours (IMSCTs) and
evaluate factors associated with surgical outcomes in our hospitals.
Patient and methods: Between June 2013 and June 2016, a retrospective study was conducted on 16 consecutive
cases of IMSCTs. All patients provided their signed consent, and MRI was performed. The patients were surgically
treated and were evaluated pre- and post-operatively by the modified McCormick scale (MMS). Appropriate
statistical analysis was conducted.
Results: The mean patient age was 50.4 years, and the median follow-up was 15 months. The most common
histological origin was ependymoma (n = 9, 56.25%). A cervical tumour was detected in eight patients, and a dorsal
tumour was detected in seven. Post-operatively, the score was clinically but not statistically improved in seven
cervical (87.5%) and four dorsal (57.1%) tumours (p = 0.334). Ten patients underwent total resection. Post-operative
MMS scores showed improvement in all cases of total resection (n = 10, 100%). This improvement was clinically and
statistically significant on last follow-up (p = 0.008). Fewer than four segments were involved in 9 cases, and more
than four segments were involved in 7 cases. Post-operatively, all 9 patients (100%) with fewer than four involved
segments improved, while only three patients (42.9%) with more than 4 involved segments improved (p = 0.019).
Low-grade tumours such as ependymomas were correlated with good surgical outcomes, while high-grade
tumours such as astrocytomas were correlated with poor surgical outcomes (p = 0.022).
Conclusions: Total tumour resection coupled with good preoperative clinical condition for tumours localised in the
cervical or conus region predicts good neurological outcomes. Tumour localisation in the dorsal region with multisegmental extension and high-grade tumour pathology predicts poor neurological outcomes.
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Introduction
Surgery for intramedullary spinal cord tumours (IMSCTs),
due to their relative infrequency, unknown natural history,
and surgical difficulty, remains one of the major challenges for neurosurgeons [1]. IMSCTs account for 2–4%
of all central nervous system neoplasms and approximately 20–25% of all spinal tumours [2]. The most common intramedullary neoplasm is spinal ependymoma,
followed by glioma and other lesions [3]. Surgical outcomes of patients with IMSCTs have been improved due
to advances in diagnostic imaging tools, microsurgical
techniques, surgical equipment, and neurophysiologic
monitoring.
* Correspondence: m_f_neuro@hotmail.com
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The purpose of our study was to review the recent
management of IMSCTs at our hospitals. In addition, we
analysed the prognostic factors affecting neurological
outcome after surgical resection of IMSCTs.

Materials and methods
This is a retrospective study. Between June 2013 and June
2016, 16 patients with an IMSCT were admitted and
underwent surgical treatment at Al-Azhar University
hospitals, Cairo, Egypt, and Mohammad Dossary hospital,
Al-Khobar City, Eastern Province, Kingdom of Saudi
Arabia. The patients were identified by the medical
records department of the hospitals. Ethical approval was
obtained from each patient and was reviewed in the
medical records department. Patient charts and surgical
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and histological reports were analysed. A standardised
telephone interview was performed in patients with no
follow-up charts. As shown in Table 1, there were 12
males (75%) and 4 females (25%). The mean patient age
was 50.4 years, ranging from 18 to 70 years. The
post-operative follow-up period ranged from 4 to 36
months (mean 15 months). Basic demographic data, clinical presentation, and radiologic exams were retrospectively reviewed for each patient. Patients’ neurological
status before surgery, immediately after surgery and at last
follow-up, was graded using the modified McCormick
scale (MMS) (Table 2) [4].
Clinical presentation was divided into motor weakness, pain, sensory change, and sphincter problems. The
histological origins of IMSCTs were classified into neuroepithelial and non-neuroepithelial tumours. Neuroepithelial tumours were classified as low-grade tumours
(grades I, II) and high-grade tumours (grades III, IV, V)
by the World Health Organization (WHO) classification.
Tumour removal was classified as macroscopic gross
total resection (TR) (100%), subtotal resection (STR) (>
90%), or open biopsy. TR was defined as complete removal of the tumour proven intraoperative by microscopy and post-operatively by MRI. All patients
underwent MRI pre- and post-operatively. Tumour localizations were divided into cervical, thoracic, and
conus medullaris. The level of tumour extension was
classified into fewer than four involved segments and
four or more segments.
Surgical considerations

All patients underwent the procedure in the prone
position under general anaesthesia. A microscope was
used to examine the tissue. Levelling was done using
a fluoroscope. For cervical surgeries, a Mayfield clamp
was used to fix the head in a flexed position. A midline posterior approach was used with sub-periosteal
dissection to expose laminae bilaterally. Facet joints
were carefully preserved. Laminectomy was performed
at the level of the tumour, ensuring that we had adequate exposure of the cranial and caudal limits of
the tumour. After extradural haemostasis, a midline
durotomy was performed using a hook and knife. The
posterior median sulcus was then identified and gently opened to access the tumour. We did not use coagulation and stayed within the limits of the tumour,
performing internal debulking with the help of a
Cavitron Ultrasonic Surgical Aspirator (CUSA). After
limited debulking, we dissected the tumour from the
margins and rolled it inward. Once the dissection was
completed up to the normal cord, we completed the
haemostasis. We used Surgicel (Fibrillar and other) to
achieve proper haemostasis. Somatosensory evoked
potential (SSEP) and motor evoked potential (MEP)
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monitoring was not used. The dura was closed in a
watertight fashion using non-absorbable sutures with
or without dural graft according to the intraoperative
situation to avoid cord strangulation, and the Valsalva
manoeuvre was performed to identify any leaks. The
wound was then closed in layers. A steroid was prescribed preoperatively to patients with acute neurological deterioration or oedematous signs of the
surrounding spinal cord tissue on MRI.
Statistical analysis

Statistical analysis was performed using SPSS 16.0 for
Windows (SPSS Inc., Chicago, IL, USA). The
chi-square test was used to evaluate the categorical variables, and the independent samples t test was used for
continuous variables. Statistical significance was defined as p < 0.05.

Results
As shown in Table 1, there were 12 males (75%) and 4
females (25%). The mean age was 50.4 years, ranging
from 18 to 70 years. The post-operative follow-up period
ranged from 4 to 36 months (mean 15 months). Basic
demographic data, clinical presentation, and radiologic
exams were retrospectively reviewed for each patient.
Patients’ neurological status before surgery, immediately
after surgery and at last follow-up, was graded using the
MMS (Table 2) [4].
The most common presenting symptom was back pain
(n = 14, 87.5%), followed by sensory changes (n = 9,
56.25%) and then motor weakness (n = 6, 37.5%).
Tumour localization was most commonly cervical (n = 8,
50%), followed by dorsal (n = 7, 43.75%) and then conus
(n = 1, 6.25%). Tumour extension was four or fewer segments in 9 patients (n = 9, 56.25%) and more than four
segments in 7 patients (n = 7, 43.75%). Histologically,
there were 14 cases of neuroepithelial tumours (n = 14,
87.5%) and two cases of non-neuroepithelial tumours
(n = 2, 12.5%). One patient was diagnosed with
haemangioblastoma (n = 1, 6.25%). One patient was
diagnosed with haemangioma (n = 1, 6.25%). Astrocytoma was diagnosed in five patients (n = 5, 31.25%); it
was high grade in three patients (n = 3, 18.75%) and
low grade in two (n = 2, 12.5%). Ependymoma, always
of low grade, was diagnosed in nine patients (n = 9,
56.25%) and was the most common histological origin
of IMSCT (Table 1).
Surgical outcome

In the preoperative evaluation, the median MMS was
3.25. Three patients presented with grade II neurological
status, seven patients presented with grade III neurological status, five patients presented with grade IV
neurological status, and one patient presented with
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Table 1 Clinical characteristics and outcomes of intramedullary spinal cord tumours
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Table 2 Modified McCormick scale

Tumour localisation

Grade

Modified McCormick scale

I

Intact neurologically, normal ambulation, minimal dysesthesia

II

Mild motor or sensory deficit, functional independence

III

Moderate deficit, limitation of function, independent with
external aid

A cervical tumour was detected in eight cases, a dorsal tumour was detected in seven cases, and a conus
tumour was detected in one case. A poor preoperative
MMS score was detected in three cervical tumours (n = 3,
37.5%) and three dorsal tumours (n = 3, 42.9%) (p = 0.710).
Post-operatively, the score was clinically but not statistically improved in seven cervical cases (87.5%) and four
dorsal cases (57.1%) (p = 0.334).

IV

Severe motor or sensory deficit, limited function, dependent

V

Paraplegia or quadriplegia, even with flickering movement

grade V neurological status. Post-operatively, we classified surgical outcomes into good = grades I, II, and
III and poor = grades IV and V. Before discharge, the
patients were evaluated with the MMS as follows: nine
patients improved (n = 9, 56.25%), six patients showed no
change (n = 6, 37.5%), and one patient worsened (n = 1,
6.25%) (Table 1). At the last follow-up, the median MMS
was 1.7; 14 patients improved (n = 14, 87.5%), and two
patients showed no changes (n = 2, 12.5%) (as shown in
Fig. 1 and Table 3).

Tumour extension

Tumour resection

Histological types

Ten patients underwent total resection (TR), and six
patients underwent subtotal resection (STR). Preoperative poor MMS was identified in three patients
of the totally resected group (n = 3, 30%) as well as in
the subtotal resection group (n = 3, 50%) (p = 0.424).
Post-operatively, MMS scores improved in all the patients in the TR group (n = 10, 100%) (MMS score 3
or less), while scores improved in only two patients (n = 2,
33.3%) in the subtotal resection group (p = 0.008). MMS
score improvement was clinically and statistically significant in the TR group at last follow-up (p = 0.003).

The majority of histopathological variants were ependymoma tumours (n = 9, 56.2%). Astrocytoma was identified pathologically in five cases (31.2%). Haemangioma
and haemangioblastoma were identified in one case each
(6.2%). Good preoperative MMS scores were found in
seven patients with ependymoma (n = 7, 77.8%), three
patients with astrocytoma (n = 3, 60%), no patients
with haemangioma (n = 0), and no patients with haemangioblastoma (n = 0). Good post-operative MMS
scores were found in all nine patients with ependymoma (n = 9100%), two with astrocytoma (n = 2, 40%),

Fig. 1 Preoperative, post-operative, and last follow-up MMS grades

Fewer than four segments were involved in 9 cases, and
four or more segments were involved in 7 cases. Preoperatively, a good score was detected in 7 cases (77.8%)
of fewer than four segments, while three patients
(42.9%) with more than 4 involved segments received
good scores (p = 0.152). Post-operatively, 9 patients
(100%) with fewer than four involved segments improved, while three patients (42.9%) with 4 or more involved segments received good scores (p = 0.019).
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Table 3 Surgical outcome according to different variables
Preoperative Post-operative p value
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1
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0

0.008
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one with haemangioma (n = 1, 100%), and none with
haemangioblastoma (n = 0) (p = 0.022).
Post-operative complications

Common complications were cerebrospinal fluid leak
occurred in two cases in which dural grafts were used,
post-operative haematoma in one case, tumour recurrence in two cases at last follow-up, and UTI in one case
(illustrative case, Fig. 2).

Discussion
The management of IMSCTs has progressed during the last
few decades. Advances in imaging and surgical techniques
have led to many tumours being removed with a high success rate and low morbidity [3]. Because total removal of
the tumour may injure the normal spinal cord around the

tumour, a conservative surgery followed by irradiation
is recommended for IMSCTs [5]. Surgical removal of
IMSCTs has become much safer and is associated with
good outcomes thanks to high-field MRI and surgical
tools, including microscopes with high-definition technology, ultrasonic aspirators and intraoperative monitoring [6]. Complete tumour removal via microsurgical
resection is considered the gold standard in the treatment of IMSCTs [7]. We studied patients with IMSCTs
who were surgically treated at our hospitals during the
last 3 years; our sample of 16 patients is small but comparable to that of most other studies, although a few
studies with larger sample sizes have been reported.
Our median follow-up was 15 months, which was less
than that in other studies.
In our study, the extent of tumour resection was associated with the post-operative neurological outcome,
which was statistically and clinically measured. The rate
of gross TR was approximately 62.5% for all tumours,
88.9% for ependymoma, and 11.1% for other tumours.
Patients with malignant intramedullary tumours treated
with gross TR had a significantly lower mortality and
improved prognosis compared with patients treated with
subtotal resection, biopsy, or non-surgical measures [2].
Advanced microsurgical skills and intraoperative neurophysiological monitoring have enabled more aggressive
efforts for TR and near total resection of IMSCTs [8].
Our study emphasises that TR has a good outcome, as
reported in a series with complete tumour removal and
good post-operative functional outcome [9]. In
high-grade tumours and tumours for which total removal is impossible, partial resection or biopsy with
radiotherapy and chemotherapy is suggested.

Fig. 2 Male patient, 32 years old, presented with low back pain, bilateral sciatic pain, and paraesthesia with attacks of severe claudication pain
and perianal hypoesthesia. Image a MRI-T1W sagittal image showing hyper-intense contrast IMSCT (conus lesion). Images b and c Post-op MRIT1W sagittal image showing total resection of myxopapillary ependymoma
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We found the patients’ preoperative neurological state
to be McCormick grades 1, 2 or 3, meaning that they
could walk independently and had a mild neurological
condition. These low grades are the strongest predictive
factor for a good neurological outcome after surgery,
which was clinically but not statistically indicated. These
results are supported by findings of previous reports
[10] that also recommend early surgical intervention before patients lose the ability to walk [11].
Few studies report the importance of the number of
segments involved. Sandalcioglu et al. [12] found no difference in outcome with respect to tumour extension,
while Ardeshiri et al. [6] found that tumours extending
four or more segments deteriorated significantly after
surgery. In our study, we analysed the level of tumour
extension and found that good post-operative surgical
outcomes were associated with fewer involved segments,
while tumour localisation in thoracic lesions was associated with poor surgical outcomes. Thoracic cord tumours have been associated with a poor neurological
prognosis [13]. Early surgical interventions are important in cases of thoracic tumours, even if the neurological
defect is mild. Because of the prolonged compression in
IMSCTs, the amount of blood flow is reduced. The possibility of a poor post-operative prognosis increases
when there is a neurological defect. Additionally, the
thoracic spinal cord is more susceptible to radiation
damage [14], which may be a cause of neurological defects in survivors with malignant tumours.
In this study, we found that high-grade tumours had
poor neurological outcomes. This finding may have been
because high-grade tumours tend to infiltrate the normal
spinal cord, which results in an obscure surgical plane.
Additionally, high-grade tumours require pre- or
post-operative radiotherapy, which could result in poor
functional outcomes [15]. Preoperative radiotherapy may
cause radiation-induced myelopathy and/or myelitis and
compromise the spinal cord microvasculature, which
leads to spinal cord ischaemia [16].
Radiation therapy involving neuro-epithelial tumours
may be useful for residual tumours after surgery and for
recurrent tumours, but controversy exists regarding this
treatment [17]. This modality may also be the primary
treatment for inoperable tumours and aggressive lesions
such as anaplastic astrocytoma and glioblastoma. One
study reported reduced local failure rates when a total
radiation dose of 50 Gy was administered [18]. Modern
techniques such as image-guided radiotherapy or stereotactic radiosurgery can ensure the delivery of a therapeutically effective dose to the tumour while sparing the
healthy surrounding tissue [19].
Intraoperative neurophysiologic monitoring (IONM),
including the somatosensory evoked potential (SSEP)
and motor evoked potential (MEP), has been advocated
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to help maintain patients’ neurological function after
surgery, which, along with excision of the entire tumour,
is the aim in most procedures. Many reports have shown
that IMSCT surgery with intraoperative neurophysiologic monitoring (IONM) resulted in a complete IMSCT
removal and good neurological performance [20]. In our
study, we did not use IONM due to a lack of availability
or to technical problems.
Study limitations

The small number of study participants and the short
post-operative follow-up period were important limitations in our study. Another limitation is the lack of
IONM, which is considered a significant tool in many
studies. Despite these limitations, our study highlights
important aspects in the evaluation, management and
neurological outcomes of IMSCTs.

Conclusion
Surgical management of IMSCTs is markedly improving,
with less deterioration and a lower complication rate.
Total tumour resection with good preoperative clinical
condition is considered the most important factor for
good neurological outcomes. Tumour localization in the
dorsal region with multi-segmental extension is considered a poor prognostic factor for neurological outcome.
Advanced pathological grading with poor neural and
tumour tissue differentiation carries a high risk of
post-operative morbidity and mortality.
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