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Feasibility of a novel diagnostic chart of intramedullary
spinal cord tumors in magnetic resonance imaging

H Arima, T Hasegawa, D Togawa, Y Yamato, S Kobayashi, T Yasuda and Y Matsuyama

Study design: Retrospective chart review.
Objectives: Each type of intramedullary spinal cord tumor (IMSCT) has specific anatomical and pathological features visible on
magnetic resonance (MR) imaging. The purpose of this study was to investigate the accuracy of preoperative IMSCT diagnosis using
our diagnostic chart of tumor-specific MR imaging findings.
Setting: Hamamatsu, Japan.
Methods: From 2009 to 2013, 28 consecutive patients with IMSCT who underwent surgery in our university hospital were included
in this study. There were 17 men and 11 women with an average age of 49 years (12–81). The pathological diagnoses were
hemangioblastoma (12), ependymoma (11), astrocytoma (4) and squamous cell carcinoma (1). Tumor-specific MR imaging findings
were as follows: ependymoma ((a) spinal cord swelling, (b) contrast effect with necrosis, (c) tumor in the center of the spinal cord),
hemangioblastoma ((a) spinal cord swelling, (b) homogeneous contrast effect) and astrocytoma ((a) spinal cord swelling, (b) contrast
effect is either, (c) eccentric tumor). Based on these features, we generated a diagnostic chart to investigate the MR imaging diagnosis
accuracy for IMSCTs.
Results: The accuracy of preoperative diagnosis was 89% (25/28 cases). Correct diagnoses were made in 100% of hemangio-
blastomas (12/12 cases), 90% of ependymomas (9/11 cases) and 100% of astrocytomas (4/4 cases).
Conclusions: Different types of IMSCTs exhibit unique MR imaging characteristics. These features can be used to preoperatively
diagnose IMSCTs with high accuracy.
Spinal Cord (2014) 52, 769–773; doi:10.1038/sc.2014.127; published online 5 August 2014

INTRODUCTION

Intramedullary spinal cord tumors (IMSCTs) are relatively rare
neoplasms, accounting for only 2–4% of central nervous system glial
tumors.1–4 The first successful removal of a spinal cord tumor dates
back to 1887 and was performed by Gower and Horsley.5 At that time,
diagnosis and preoperative planning consisted solely of a detailed
neurological examination for precise lesion localization.5,6 The
introduction of modern imaging techniques, such as magnetic
resonance (MR) imaging, has greatly improved the diagnosis of
spinal cord lesions.7–11 The ability to preoperatively predict
pathological diagnoses could considerably enhance surgical planning
and the ability of the surgeon to describe the procedure to patients and
their families. However, the frequency of IMSCT is low, and these types
of tumors exhibit a variety of MR imaging findings.7–9 In addition,
characteristic imaging findings that can aid in diagnoses have not yet
been identified. This makes some cases of IMSCT difficult to diagnose.
We established a diagnostic chart according to the tumor-specific MR
imaging findings. The purpose of this study was to investigate the
accuracy of MR imaging for IMSCT using this diagnostic chart.

MATERIALS AND METHODS

Patient population
The study design was a retrospective chart review. From December 2009 to July

2013, 28 cases of IMSCT were treated in our university hospital. There were

17 male and 11 female patients with an average age of 49. Pathological

diagnoses were ependymoma, hemangioblastoma, astrocytoma and squamous

cell carcinoma in 12, 11, 4 and 1 cases, respectively. All patients underwent

1.5-T MR imaging, and we examined T1- and T2-weighted images and

gadolinium-enhanced contrast images.

MR imaging findings
MR images were investigated with special reference to spinal cord swelling,

high-signal intensity on T2-weighted images, contrast effect and tumor

location on axial view.

Spinal cord swelling. We examined whether or not there was spinal cord

swelling in sagittal T2-weighted images.

High-signal intensity on T2-weighted images. We assessed the presence of

high-signal areas in sagittal or axial T2-weighted images.

Contrast effect. We examined the effect of increased tumor substance with

gadolinium-enhanced images. If there was a contrast effect, we determined

whether or not it was homogeneous.

Tumor localization on axial images. We examined tumor localization in

contrast axial images to understand the relationship between the tumor and

spinal cord and to determine if the tumor was central or eccentric.

Analysis of the possibility of IMSCT diagnosis by MR imaging
Based on these features, we established an IMSCT diagnostic chart for

diagnosis. We investigated the accuracy of MR imaging diagnosis for IMSCT

using this diagnostic chart.
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RESULTS

MR imaging findings
Spinal cord swelling. Spinal cord swelling was seen in all cases but
varied from focal to diffuse.

High-signal intensity on T2-weighted images. Compared to the signal
of the normal spinal cord, high-signal areas in sagittal or axial T2-
weighted images were observed in all cases. In 2 out of 11 cases of
ependymoma, high brightness was observed compared to the normal
spinal cord, but it was not brighter than cerebrospinal fluid.

Contrast effect. A contrast effect was noted in all cases of ependy-
moma, hemangioblastoma and squamous cell carcinoma, and in three
out of four astrocytoma cases (Figure 1). Ependymoma cases
exhibited a contrast effect with a necrotic region (Figure 2). Heman-
gioblastoma imaging exhibited a homogenous strong contrast effect

(Figure 3). All, except one, cases of astrocytoma showed contrast
effects with unclear margins (Figure 4).

Tumor localization in axial images. All ependymoma and hemangio-
blastoma cases were central and eccentric type, respectively(Figure 5).
One astrocytoma case was central type, two were eccentric and
another case was uncharacterizable because there was no contrast
effect. One squamous cell carcinoma was eccentric.

We established an IMSCT diagnostic chart based on the MR
imaging features (Figure 6). First, we assessed spinal cord swelling and
high-signal intensity on T2-weighted image, followed by the contrast
effect. When there was no contrast effect, a tumor was classified as
astrocytoma. We considered a tumor to be hemangioblastoma when
there was a uniform strong contrast effect. Next, we assessed tumor
localization. Central-type tumors were considered as ependymomas
and eccentric tumors were considered as astrocytomas.

When our chart was used retrospectively, the accuracy of MR
imaging diagnosis was 89% (25 out of 28 cases). In looking at each
tumor type, 9/11 ependymoma cases matched (82%), all hemangio-
blastoma cases matched (100%) and 4/4 astrocytoma cases matched
(100%) (Figure 7).

DISCUSSION

IMSCTs account for 2–4% of all central nervous system tumors1–4

and the most frequent diagnoses are ependymoma,
hemangioblastoma and astrocytoma. IMSCT should be surgically
treated as soon as neurological symptoms appear.12 Gross total
resection is attempted for the majority of benign pathologies;2,3,4,13

however, some astrocytoma cases are malignant and it has a greater
neurological risk to perform gross total resection in these
patients.4,10,13,14 When we design a surgical plan for IMSCT, it is
desirable to predict the appropriate tissue diagnosis, although a
biopsy is required and involves preparation equivalent to resection.
There is also the possibility that nerves can be damaged during
surgery. It would be very useful if we could predict the histological

Figure 1 Histogram showing the contrast effect in each type of

intramedullary spinal cord tumor. Contrast effect was seen in all cases of

hemangioblastoma and ependymoma, and in three out four astrocytoma

cases. All hemangioblastomas showed homogenous strong contrast effects,

but ependymoma and astrocytoma cases did not.

Figure 2 Magnetic resonance image showing an ependymoma in a 55-year-old female. (a) T2-weighted image, sagittal view. (b) Contrast image, sagittal

view. (c) Contrast image, axial view. A heterogeneous contrast effect is observed (arrow).
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diagnosis preoperatively by MR imaging findings. Because MR images
of IMSCT vary, it is necessary to carefully examine the features.7–11

We focused on spinal cord swelling, high-signal intensity on a
T2-weighted image, contrast effect and tumor location on axial
images as criteria for MR imaging-based diagnosis. It was previously
reported that IMSCT almost always manifests as spinal cord
swelling.9,15 In our study, spinal cord swelling was seen in all cases.
In addition, compared to the normal spinal cord signal, we observed

high-signal areas in sagittal or axial T2-weighted images in all cases.
Therefore, in our chart, we first evaluate spinal cord swelling and the
presence of high-signal intensity on T2-weighted images. The vast
majority of IMSCTs show at least some contrast effect following the
intravenous administration of gadolinium-based contrast material.6–8

There was a contrast effect in 27 out of 28 cases in our study.
Ependymomas tend to be strongly but heterogeneously enhanced and
often have well-defined margins.7,9,12,16 In hemangioblastoma,

Figure 3 Magnetic resonance image showing a hemangioblastoma in a 64-year-old female. (a) T2-weighted image, sagittal view. (b) Contrast image, sagittal

view. (c) Contrast image, axial view. A homogenous strong contrast effect is observed (arrow).

Figure 4 Magnetic resonance image showing an astrocytoma in a 38-year-old male. (a) T2-weighted image, sagittal view. (b) Contrast image, sagittal view.

(c) Contrast image, axial view. A contrast effects with unclear margins is observed (arrow).
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contrast-enhanced MR images typically show an intense,
homogenously enhanced subpial tumor nodule, allowing
differentiation of the small nidus from the adjacent edematous cord
and peritumoral cyst, as well as from arteriovenous fistulae,
cavernomas and other hypervascular IMSCTs.7,9 Astrocytomas
almost always enhance immediately when contrast material is
administered. However, enhancement can be heterogeneous

because the lesion margins are often poorly defined and irregular.
There are some reports on localization differences for ependymomas
and astrocytomas on axial images.7,9,16 It was reported that
ependymomas tend to be central, whereas astrocytomas arise
eccentrically within the posterior cord.7,9,16 The results of our
study confirm that ependymomas tend to be central, whereas
hemangioblastomas and astrocytomas are eccentric. Epstein et al.15

hypothesized that ependymomas are related to the origin of tumor
around the central canal and they seem to expand symmetrically and
circumferentially, compressing or interrupting crossing spinothalamic
tracts.

In the present study, we established a diagnostic chart according to
these tumor-specific MRI findings. According to Fisher’s report, the
frequency of ependymoma, hemangioblastoma and astrocytoma is
B75%.17 Using our diagnostic chart, we believe that most IMSCTs
could be accurately diagnosed. The diagnosis rate was 89% in the
present study. Previously, Ozawa et al.18 attempted to diagnose
IMSCT using MR imaging. They focused on tumor size, tumor
localization in the transverse image, T1 and T2 signal intensity, low-
signal area of the peripheral and internal tumor in T2-weighted
images, contrast effect of the tumor and syrinx formation as the
criteria for MR imaging-based diagnosis. They also created an IMSCT
diagnostic chart and reported a success rate of 79%. We simplified
their chart and narrowed the targets to the most frequent IMSCTs:
ependymoma, hemangioblastoma and astrocytoma. The new chart
showed a good diagnostic rate. Non-specialists for spinal cord tumors
may not be familiar with IMSCTs, which are relatively rare; we think
that this chart will be useful for a non-specialist of spinal cord tumor
and the training physician. However, needless to say, it is still
important to submit tumor tissues for pathologic diagnosis during
and after the surgery.

Limitation
There are several limitations in this study. The first is that the number
of cases is small. Second is that the group that is a source of this chart
and the group to which we did validation studies are the same. In
future, we will examine the effectiveness of this chart by applying to
the other IMSCT patients.

CONCLUSION

We established an IMSCT diagnostic chart based on the MR imaging
features of ependymoma, hemangioblastoma, and astrocytoma. This
chart enables surgeons to preoperatively diagnose IMSCT with high
accuracy.
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