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Electrophysiological assessment in spinal intradural tumors
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ABSTRACT
Aims: To present our spinal intradural tumor series and to evaluate the reliability of
electrophysiological assessment in patients treated for these tumors.
Methods: We retrospectively evaluated the data of patients treated for spinal intradural tumor
between 2010 and 2019. The demographic, surgical and histological features of patients
were evaluated and compared with their pre- and postoperative electrophysiological data.
Somatosensory evoked potentials (SEP) were used as electrophysiological test.
Results: A total of 69 patients with spinal intradural tumor was evaluated. Thirty-one of
them had extramedullary and 38 had intramedullary tumor. The mean age was 48.3 years
for extramedullary and 26.3 years for intramedullary tumors. In preoperative period, SEP was
prolonged in 25 patients with intramedullary tumor while it was prolonged in 8 patients with
extramedullary tumor. In postoperative period, recovery in SEP values was detected in 5 of 25
patients with intramedullary tumor but it was observed in 7 of 8 patients with extramedullary
tumor.
Conclusions: Electrophysiological evaluation is a safe and reliable method to assess the
patients surgically treated for spinal intradural tumor. It is an objective method to evaluate the
neurological recovery of patients with extramedullary tumor.

Introduction

Extramedullary tumors usually occur in the age range of 45-50

Tumors of the spine and spinal cord make up about 15% of all
central nervous system (CNS) tumors (1). Its annual incidence
is 2-10 per 100,000 people. Spinal tumors are divided into two
groups as intradural and extradural (2). These tumors are mostly
located in the extradural region (55-60%) and cancer metastases
are the most common type of extradural spinal tumors (3).
Spinal intradural tumors are rarer and more difficult to diagnose.
These tumors may develop in adults as well as in children (4).
The frequent symptoms are back and/or neck pain (based on
the site of tumor), radicular pain, weakness, paresthesia, gait
disturbances, and bowel and bladder dysfunctions (5). Common
diagnostic methods for spinal tumors are computed tomography
(CT) and magnetic resonance imaging (MRI) (3).

and have male predominance. Its annual incidence is 0.4 per

Intradural tumors are categorized into two as intramedullary
and extramedullary depending on the relationship with the spinal
cord (5,6). Extramedullary tumors are rare. They constitute
nearly 40-45% of all tumors of the spine. They are separated
from intramedullary tumors because of their extra axial location.

on its radiological and clinical features (13). Diagnosis is often
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100,000 people (7,8). Most frequent tumors of the extramedullary
region are meningioma, nerve sheath tumors and filum terminale
ependymomas (7-9). Diagnosis is made by contrast-enhanced
T1 and T2-weighted MRI. Main treatment is surgery and total
resection is usually possible using standard microsurgical
techniques. The results of surgery in extramedullary tumors are
often promising and satisfactory (6,9,10).
Intramedullary tumors are less common spinal cord tumors,
potentially causing serious neurological deficits, poor quality of
life, and even death (11). The rate of all primary spinal tumors is 2030% (12). 80% of these tumors are glial tumors (12). Each tumor
has its own characteristics and its behavior varies depending
difficult. T1 and T2-W spinal MRI is the gold standard for the
diagnosis of intramedullary tumors. Transverse myelitis, multiple
sclerosis and other autoimmune and inflammatory diseases
of the spinal cord are in the differential diagnosis of these
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tumors. Treatment is primarily surgical (14,15). Preoperative
neurological condition and histopathological features of the
tumor are the factors that determine further treatment. Early
diagnosis provides rapid treatment protocols (16,17).
Electrophysiologic evaluation is performed preoperatively
and postoperatively for all spinal tumors (18). This evaluation
is an objective method especially for postoperative neurological
follow-up of patients. Although sensory evoked potentials
(SEP) are generally used, motor evoked potentials (MEP) are
also important. Currently, the most common median and tibial
nerve SEPs are measured (19). Their latencies and amplitudes
are measured and evaluated. Prolonged SEP latencies are an
important clinical marker especially in spinal intramedullary
tumors. In addition, decrease in amplitude in cortical responses
as a result of median and tibial stimuli is the finding supporting
neurological effect. Changes in these parameters following the
surgery suggest that patients may be evaluated more objectively
from a neurological point of view (18).
The aims of our study were to analyze pre- and postoperative
SEP records of spinal intradural tumor patients and to compare
the changes with the clinical outcomes.

Methods
The ethical approval of this study was obtained from the
Ethics Committee of Keçiören Training and Research Hospital
(date: 13.02.2017 and no: 1332). A total of 157 spinal tumor
cases operated in our clinic between 2010 and 2019 and their
data were reviewed retrospectively. MRI was used in all patients
and CT was performed in patients with bone involvement or
calcification. Contrast enhanced images were preferred for the
detection of tumors. The tumor was intradural in 69 (44%) of
157 patients and these patients were examined. Laminectomy/
laminotomy was performed with standard midline approach and
tumor resection was performed using microsurgical techniques.
Myelotomy was performed for intramedullary tumors.
Extramedullary tumors were removed after dural opening.
Meticulous microsurgical dissection was performed during the
tumor removal in order to protect the spinal cord and spinal roots.
The radiological, electrophysiological and clinical data of these
69 patients were reviewed retrospectively. All patients underwent
electrophysiological evaluation with SEPs preoperatively
and postoperatively. Integrated electrical stimulators and
electrodes (Medtronic Dantec®, Denmark) were used for
electrophysiological assessment. Latency and amplitude of the
posterior tibial and median nerve evoked sensory potentials
were measured in all patients. The stimuli were given from the
posterior tibial and median nerves. Responses were recorded
from the somatosensorial cortex. P37 and N20 responses
were used for median and posterior tibial nerves respectively.
These SEP results were compared with preoperative results.
In addition, intraoperative neuromonitorization (IONM) was

performed during the operation. In IONM, MEP and free-running
methods were applied. MEP recordings were performed before,
during and just after the tumor removal. We evaluated the
neurological condition of each patient prior to surgery, 24 hours
following the surgery, and then three months after the discharge.
Postoperative SEP recordings and neurological outcomes were
compared. The mean follow-up period was 1.2 years.

Results
Sixty-nine patients who were operated for spinal intradural
tumor during the last 10 years and who had preoperative and
postoperative electrophysiological test records were included
in this study. There were extramedullary tumors in 31 patients
and intramedullary tumors in 38 patients (Table 1). The most
frequent location of intramedullary tumors was cervical region
(n=13). Thoracic spine was the frequent site of extramedullary
tumors (n=12). The most common extramedullary tumor
was meningioma and was detected in 15 patients (Figure
1). This was followed by schwannoma, neuroepithelial cyst,
neuroenteric cyst and lymphoma metastasis. The most common
intramedullary tumor was ependymoma and was observed in
23 patients. This was followed by astrocytoma (Figure 2),
Table 1. The distribution of patients based on demographic
features, tumor locations and histological types
Variable

Number (%)

Sex
Female

30 (43.5%)

Male

39 (56.5%)

Total

69 (100%)

Location
Extramedullary

31 (44.9%)

Intramedullary

38 (55.1%)

Total

69 (100%)

Intramedullary tumors
Ependymoma

23 (60.5%)

Astrocytoma

5

Lipoma

4

Epidermoid tm

3

Paraganglioma

2

Ganglioglioma

1

Total

38 (100%)

Extramedullary tumors
Meningioma

15 (48.4 %)

Schwannoma

12

Neuroepithelial cyst

1

Neuroenteric cyst

1

Lymphoma metastasis

2

Total

31 (100%)
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lipoma, epidermoid tumor, paraganglioma, ganglioglioma. In
astrocytomas, 2 patients had the diagnosis of glioblastoma and
they died in follow-up period. The mean age of patients with
intradural extramedullary tumors was 48.3 years and ranged
from 2 to 75 years. Nineteen of these patients were female
and 12 were male. The mean age of patients with intradural
intramedullary tumors was 26.3 years and ranged from 0 to 66
years. Eleven of these patients were female and 27 were male
(Table 1).
No neurological deterioration was observed in any patient.
Neurological improvement was observed in 28 (90.3) of
31 patients with extramedullary tumor while it was seen in
23 (60.5%) of 38 patients with intramedullary tumor. In the
preoperative period, 25 of 38 patients with intramedullary tumors
had prolonged SEP responses, whereas 8 of 31 patients with
extramedullary tumors had longer responses. Postoperatively,
SEP responses were improved in 5 (20%) of 25 patients in
the intramedullary group and 7 (87.5%) of 8 patients in the
extramedullary group. The clinical and electrophysiological
improvement is better in extramedullary tumor group than the
intramedullary tumor group.
Two patients with intramedullary tumor died in the
postoperative period. The histological diagnosis of these patients
was glioblastoma and the location of tumor in both patients was
thoracic spinal cord. Cerebrospinal fluid collection after surgery

Figure 1. T1-W sagittal (A) and axial (B) magnetic resonance imaging
of a patient with intradural extramedullary tumor. It was removed using
posterior approach (C) and the histological diagnosis was meningioma
T: Tumor, SC: Spinal cord
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was occurred in 4 patients but resolved in the long-term followup period.

Discussion
Preoperative and postoperative electrophysiological
evaluation of spinal intradural tumors is an objective method for
evaluating the outcomes of surgery. In this retrospective study,
we analyzed the results of 69 patients with spinal intradural
tumor. We found that the electrophysiological improvement
was correlated with clinical improvement especially in intradural
extramedullary tumors. We also emphasized that pre- and
postoperative electrophysiological assessment of the patients is
a reliable method to predict the outcome of surgery.
Spinal tumors are rare malignancies that can seldom be
fatal but usually cause serious morbidity (2). The spine and
spinal cord are the most common sites of neoplasia after the
brain in the CNS. However, not all spinal tumors have the
same characteristics (3). They are a heterogeneous group of
tumors (1). Therefore, classifications were made according to
different characteristics. The most accepted classification is the
classification based on the location of tumor. Spinal tumors are
divided into two as intradural and extradural according to their
relationship with the dura mater. Intradural tumors are tumors
located within the dura mater and have no direct relationship
with the spine and vertebrae. Extradural tumors are tumors

Figure 2. T2-W sagittal magnetic resonance imaging of a patient with
cervical intradural intramedullary tumor. The patient underwent surgical
treatment and the histological diagnosis was anaplastic astrocytoma
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located outside the dura mater and usually involve the spine and
its elements. Intradural tumors are classified as intramedullary
(located within the spinal cord) and extramedullary (located
outside the spinal cord) according to the medulla spinalis
(spinal cord) in the dura mater. Extramedullary tumors are
meningiomas and schwannomas originating from dura mater
or spinal roots. Intramedullary tumors are usually glial origin
and astrocytomas and ependymomas are the most common
types of tumor. In our series of 69 intradural tumors, the most
common intramedullary tumors were ependymomas (60%)
and astrocytomas (13%) followed by lipoma, epidermoid
tumor, paraganglioma and ganglioglioma. The most common
extramedullary tumors were meningiomas (48%) and
schwannomas (38%) followed by neuroepithelial cysts,
neuroenteric cysts and metastases.
Ottenhausen et al. (6) stated that technological improvements
in radiological and electrophysiological techniques, less
invasive methods as well as radiation therapy provide better
clinical results in spinal tumors located intradurally. They also
pointed out that the clinical results of intramedullary malignant
spinal tumors are still poor. Ahn et al. (7) reported the results
of 11 patients with intradural extramedullary tumors and they
emphasized that the level of neurological symptoms was
corresponding to the amount of tumor within the intradural
space. They also recommended aggressive surgical excision
in patients with long-term symptoms or serious neurological
deficits. In our series, we have similar results with Ahn et al. (7)
and the clinical symptoms of our patients with extramedullary
tumors improved rapidly, as well as electrophysiological tests
were also improved gradually after surgery.
Electrophysiological tests are widely used in the diagnosis
of spinal tumors (18,19). Although MRI and CT are the gold
standard in the diagnosis of spinal tumors, electrophysiological
tests are useful methods to objectively assess the neurological
condition of the patients (3). Especially SEP is frequently
used before surgery. Evoked potentials can be defined as the
electrical activities of the CNS in response to short sensory
stimuli. SEPs are usually measured from the posterior tibial
and median nerves and response from the cortex is measured.
SEP is often used in the disorders of brain, spinal cord or
nerve root and diseases. SEPs may help to identify lesions
on any part of somatosensorial pathways. However, the SEP
findings should be interpreted together with the neurological
examination and radiological imaging results (19). Although
MEP may also be used in the diagnosis of spinal tumors, it
is generally not preferred preoperatively because it is more
difficult and complicated to perform and interpret, but it is
used in IONM (20-22). Pusat et al. (19) analyzed the results
of 30 patients and concluded that the latency of tibial nerve
response may be prolonged in the early time period after
spinal intradural tumor surgery. They also pointed out that

electrophysiological findings are not predictive for patients
with spinal tumor. Ishida et al. (22) reported the significance
of IONM for the resection of intradural extramedullary spinal
tumors to anticipate the possible neurological disturbances in
a 6-month follow-up period after surgery. Meanwhile, SEPs
are more easily and widely used both pre- and postoperatively.
In our series, 69 patients with intradural tumors underwent
SEP preoperatively and postoperatively and the results were
recorded. We also performed IONM in all patients. In the
preoperative period, 25 of 38 patients with intramedullary
tumors had prolonged SEP responses, whereas 8 of 38
patients with extramedullary tumors had longer responses.
Postoperatively, SEP responses were improved in 5 of 25
patients in the intramedullary group and 7 of 8 patients in the
extramedullary group. These improvements were in parallel
with the improvement in the neurological condition of the
patients. In addition, no electrophysiological deterioration
was observed during the surgery for extramedullary or
intramedullary tumors.

Conclusion
Electrophysiological evaluation of spinal intradural tumors
either in preop- or postoperative period is very important. This is
also indispensable during the surgery. Electrophysiologic tests
are useful for objective neurological evaluation of the patients
especially in the postoperative follow-up period.
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