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Objective: Both spinal multiple sclerosis (SMS) and spinal intramedullary astrocytoma (SIA) are rare 
space-occupying lesions in the spinal cord and clinically show various myelopathy symptoms. Both 
clinical and imaging findings are similar and are easily misdiagnosed. This study is to clarify clinical and
radiographic finding that could be helpful to differentiate SMS from SIA.
Methods: We compared the demographic, clinical, and radiographic characteristics between the SIA 
and SMS groups. The SIA group (n=13) was diagnosed postoperatively with pathologic confirmation, 
and the SMS group (n=25) was composed of patients who have a lesion in the spinal cord and met
the McDonald criteria for the diagnosis of multiple sclerosis (criteria revised in 2010).
Results: Clinically, patients with SIA had a significantly longer symptom duration before the first 
visit than SMS (4.9±4.4 vs. 2.1±3.6 months, p=0.008). All persons with SIA showed progressive disease
course, whereas 95.8% of persons with SMS showed remission (p<0.001). In contrast to SMS, the 
involvement of both halves of the spinal cord was more frequently observed in patients with SIA 
(p<0.001). In addition, fusiform dilation in the sagittal plane (p<0.001) or tumoral cyst (p=0.001) also 
significantly suggested SIA rather than SMS.
Conclusion: Despite many limitations of this study, the present data demonstrated the clinical and 
imaging features helpful in distinguishing SIA from SMS. As with most tumors, SIA tends to show 
a slowly progressive clinical course without remission. Occupation of both halves of the spinal cord, 
fusiform dilation, or cysts was favoring radiographic factor for the SIA.
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INTRODUCTION

Multiple sclerosis (MS) is the most common demyelinating disease 
in the central nervous system(CNS). It often involves the spinal cord 
with 74% to 95% in established MS11). Although the prevalence 
of spinal cord abnormality is lower in clinically isolated syndromes, 
30% to 40% of these patients also had asymptomatic lesions. An 
acute demyelinating event is often represented on magnetic resonance 
imaging (MRI) by solitary or multifocal hyperintensities on T2-weighted 
images (T2-WI) with a variable pattern of enhancement, challenging 
the distinction of demyelination from intramedullary neoplasms. 
Differentiation of these two diseases is of great importance in selecting 
treatment modalities and predicting the patient’s prognosis. Although 
numerous reports have been described the suggestive MRI findings 
of each disease, a comparative radiological study between these 
two diseases has rarely been accomplished or has only provided 
an obscure description. Therefore, in many cases, the differentiation 
of MS from intramedullary glioma without biopsy has been made 
without confidence due to similarities in imaging features. This study 
compares the clinical presentation and radiographic features between 

MS and intramedullary astrocytoma in the spinal cord.

MATERIALS AND METHODS

The Institutional Review Board approved this study. This study 
is a retrospective design that does not involve an intervention, and 
the patient’s written consent was waived.

1. Patients

Between January 2004 and December 2013, spinal intramedullary 
astrocytoma (SIA) patients were identified based on surgical records 
and pathologic results in our institutional data set. The spinal MS 
(SMS) patient group was searched for "multiple sclerosis" as the 
inpatient and outpatient records diagnosis. The patients who have 
one or more lesions in the spinal cord and meet the McDonald 
criteria for MS were included. McDonald Criteria was used with 
the version revised in 201014). Patients who are positive for neuromye- 
litis optica antibody or acute viral markers like IgM for herpes simplex 
virus were excluded. Patients who have a history of autoimmune 
diseases like systemic lupus erythematosus were also excluded.
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Table 1. Comparison of the clinical factors of the groups

Variables Spinal intramedullary 
astrocytoma

Spinal multiple 
sclerosis p-value

Patients 13 25  
Lesions 13 31  
Age (years) 34.9±15.7 42.1±15.4  0.183
Sex (male:female) 8 : 5 8 : 17  0.098
Symptom duration 
to visit (months)

4.9±4.4 2.1±3.6 0.008*

Clinical course Progressive, 
non-remitting 100%

Non-remitting 
3.2%

<0.001*

The data is presented as mean±standard deviation or number.
*The difference between the values of both groups was statistically 
significant.

Fig. 1. Comparing spinal intramedullary astrocytoma (SIA) and spinal
multiple sclerosis (SMS) symptoms, there was no significant difference
in symptom ratios between the 2 groups.

2. Radiographic Features

Two neurosurgeons (MSK, HJ) evaluated the MRI images on a 
picture archiving and communication system workstation monitor 
concerning longitudinal and axial locations, size of the lesion on 
T2-WI, portion and pattern of enhancement, fusiform dilatation, 
and the presence of syringomyelia, tumoral cyst, or hemorrhage.

The lesion’s longitudinal location was assessed by the dominant 
portion of involvement among the cervical, thoracic, and lumbar 
regions. Axial location was classified as the involvement of a single 
half or both halves of the spinal cord. The size of the lesion was 
measured in the number of vertebral segments involved in T2-WI. 
The enhancing portion was classified as non-enhanced, focal, and 
diffuse. It was evaluated as diffuse if the lesion’s enhancing compo- 
nent was 50% larger than the entire high intensity on T2-WI, focal 
if smaller than 50%, or none. The pattern of contrast enhancement 
was classified into four patterns: solid, if the contour of the enhan- 
cing component is clear: patchy, if the contour is vague, or unclear: 
the rim, if only the marginal area is enhanced: or punctate if the 
enhancing pattern was dot-like. Fusiform dilatation was determined 
by whether the thickness of the cord was significantly increased 
compared with the peripheral area in the sagittal plane. Syringomy- 
elia was defined as cystic dilatation of the central portion of the 
spinal cord without any enhancement. If a cyst was seen in the 
solid portion of the lesion, whether it appears centrally or peripherally, 
it was regarded as a tumoural cyst. A rim of extreme low signal 
intensity was seen at the tumor's proximal or distal pole on T2-WI, 
suggesting haemosiderin deposits; it was defined as hemorrhage.

3. Demographic and Clinical Features

Demographic (sex and age) and clinical information were colle- 
cted for all participants from patient records. Pathological findings 
in patients who underwent surgery were also reviewed. The clinical 
course and final diagnosis for each participant were investigated. 
Clinical features of neurological deficits (motor, sensory, pain, auto- 
nomic, visual symptoms) were also investigated.

4. Statistical Analysis

All analyses were performed with SPSS version 20.0 (IBM Corp., 
Armonk, NY, USA). Demographic data of SIA and SMS groups 
were assessed by Fisher’s exact test, student t-test, and the pre- 
operative results and clinical data were assessed by the Mann-Whitney 
test. All p-values less than 0.05 were considered statistically significant.

RESULTS

1. Clinical Features

In SIA, 13 lesions were identified in 13 patients, and SMS was 
recognized in 31 lesions in 25 patients.

SIA group had seven low-grade and six high-grade astrocytomas. 

Table 1 compares the clinical features. The mean age was 34.9± 
15.7 years in SIA patients and 42.1±15.4 years in SMS patients. 
There was no significant difference in sex ratio. Compared with the 
time interval from the onset of the symptoms to visit the clinic, 
the SIA group showed a significantly longer duration (4.9±4.4 vs. 
2.1±3.6months, p=0.008). The clinical course also showed a sig- 
nificant difference between the two groups. In the SIA group, all 
patients showed a progressive course, whereas only one patient in 
the SMS group showed a primary progressive pattern (p<0.001). 
Seven patients of the SMS group had a clinically isolated syndrome 
and remained clinically stable. Seventeen patients had a relapsing- 
remitting pattern but showed partial recovery during the deterioration 
period. The most common symptom was a weakness of the extremi- 
ties, followed by sensory change and axial pain. There was no diffe- 
rence in the ratio of the clinical symptoms in both groups (Fig. 1).

2. Radiographic Features

Table 2 compares the radiographic features. In the SIA group, 
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Table 2. Comparison of the radiographic factors of the groups

Variables Spinal intramedullary astrocytoma Spinal multiple sclerosis p-value

Location (cervical : thoracic : conus) 8 : 4 : 1 17 : 12 : 2  0.879
Involved segment (vertebral body) 3.0±1.4 3.0±1.9  0.461
Infiltration of both halves of the spinal cord in axial plane  13 (100.0%) 12 (38.7%) <0.001
Fusiform dilatation 13 (100.0%) 14 (45.2%) <0.001
Portion of enhancement (non : focal : diffuse) 2 : 3 : 8 5 : 13 : 6  0.104
Pattern of Enhancement (patchy : rim : solid : punctate) 7 : 2 : 2 : 2 10 : 3 : 6 : 5  0.857
Syringomyelia 2 (15.4%) 1 (3.2%)  0.204
Tumoural cyst 5 (38.5% ) 0 (0%)  0.001*
Hemorrhage 3 (23.1%) 1 (3.2%)  0.071

*The difference between the values of both groups was statistically significant.

the incidence of infiltration of both halves of the spinal cord in 
the axial plane was 100%, but only 40% in the SMS group had 
both infiltrations (p<0.001). Besides, all SIA patients showed fusiform 
dilatation of the spinal cord in the sagittal plane, which occurred 
in only 45.2% of the SMS patients (p<0.001). The tumoral cyst 
was not observed in persons with SMS, but it was identified in 5 
cases among 13 persons with SIA (p=0.001). There was no difference 
in the location or the length of the lesion, portion or pattern of enhan- 
cement, presence of syrinx, or hemorrhage.

DISCUSSION

SMS is an immune-mediated, demyelinating disease of the CNS, 
and it is usually called a tumefactive lesion because it imitates 
a spinal cord tumor, including SIA. Despite the development of 
MRI, there are no established criteria to discriminate the two disease 
entities preoperatively. Clinically, both diseases were reported to 
have similar symptoms, a nonspecific combination of neurologic 
deficits like quadri- or para-paresis, sensory disturbance, and auto- 
nomic symptoms1,5).

However, there were two different clinical features in disease 
progression between the two groups. First, while most SMS groups 
showed a period of symptom resolution after a clinical attack, all 
SIA persons showed continuous progression. MS is divided into 
four categories as described below; Relapsing-remitting, primary 
progressive, secondary progressive, progressive-relapsing type. The 
relapsing-remitting type, which has a flare-up period of symptom 
followed by a recovery time, is most common, affecting 85% to 
90% of MS5). Although the course of SMS is highly variable, 95.8% 
of SMS patients in this series experienced a temporary symptomatic 
improvement after the first attack1,10,12). On the contrary, SIA may 
have an expansile characteristic so that the spinal cord is gradually 
pressed to show clinical deterioration2). Brinar et al.4) analyzed five 
patients and reported a similar pattern.

Second, persons with SIA took a relatively long time to visit the 
hospital after symptoms. The progress of SIA is mainly known to 
be slow, especially in low-grade tumors. It takes a significantly longer 
time for the low-grade tumor to be diagnosed after the onset of 

symptoms than in the high-grade17,18). Thus, even if a tumor develops, 
it takes a relatively long time for subsequent symptoms to occur1,13). 
While SIA gradually progresses to develop symptoms over the years2), 
clinical features that suggest demyelination have an acute or subacute 
onset over days to weeks, within average four to seven weeks5,10).

The spinal cord is a small, pulsating structure that adds technical 
difficulties to MRI. The low relevance of MRI findings to clinical symp- 
toms is also a source of distress11). Moreover, there is no large-scale 
study on the susceptibility score because the incidence is very low 
compared with brain lesions. These diseases may also have a hete- 
rogeneous appearance due to clinical course or phase21). While 
there appears to be no unique radiologic difference SIA and SMS, 
some image findings can be used as a discriminatory reference.

Involving both halves of the spinal cord in the axial plane was 
significantly lower in the SMS group. Eckstein commented in their 
differential CNS demyelination strategy from MS that SMS often 
involves only a partial cross-sectional area of the spinal cord with 
less than two vertebral bodies7). Brinar et al.4) suggested that MRI 
of SMS is featured by small, well-circumscribed, asymmetrically 
involving, focal T2-hyperintensity lesions as a differential approach 
to spinal cord enlargement. Tartaglino et al.20) analyzed 124 demyeli 
-nating plaques in sixty-eight patients and reported 81 percent of 
lesions occupied less than half of the cord's cross-sectional area. 
In contrast, most astrocytomas were usually located in the central 
portion or involved the entire cord6,19). Because astrocytoma is 
predominantly involved in the central and dorsal portion of the 
entire cord, the surgical technique description recommends a com- 
mon approach through the dorsal median sulcus9).

Fusiform dilatation helps in differentiating between SMS and SIA. 
Spinal cord enlargement is rarely seen in non-neoplastic lesions8,18). 
Abd-El-Barr et al.1) emphasized in their review of SIA that infiltrating 
astrocytomas often appear expansile, hypo- to iso-intense on T1, 
and hyperintense on T2. If the lesion shows mass effect or cord exp 
ansion, it is recommended that SIA be raised as a differential dia- 
gnosis4,6,15,19). In the illustrative cases, the fusiform dilatation filling 
the entire spinal canal was observed in persons with SIA, and the 
lesion involved both halves. In contrast, the SMS had four vertebral 
bodies but relatively more minor fusiform dilatation, and only the 
left eccentric location was shown in an axial plane (Fig. 2, 3).
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Fig. 2. An illustrative case of spinal multiple sclerosis (SMS). Magnetic resonance imaging (MRI) of a 31-year-old female with quadriparesis
for 2 months. T2-weighted image (T2-WI) showed the 4-segment length of the high-intensity lesion with focal enhancement. (A, B) In the
axial plane, only the left dorsal was infiltrated. (C, D) Despite conservative treatment with steroid pulse therapy for 3 months, the lesion
showed progression. She underwent surgical resection of the lesion, and the pathologic report revealed multifocal perivascular lymphocytic 
infiltration. T2-WI in brain MRI in the postoperative period showed juxtacortical lesions (E).

Fig. 3. An illustrative case of spinal intramedullary astrocytoma (SIA). The 23-year-old male complained of progressive
both hand weakness for 9 months. In preoperative magnetic resonance imaging, the fusiform dilatation and 
infiltration of both halves were definite. (A, C) The contrast enhancement was not prominent. (B, D) Due to the
progressive clinical course, he underwent surgical removal of the tumor and was diagnosed with intra- medullary
anaplastic astrocytoma.

Cysts are present in 25% to 40% of spinal cord neoplasms6,15). 
The presence of a cyst can be interpreted as suggesting that the 

possibility of SMS is low. In particular, astrocytomas demonstrate 
tumor cysts more frequently than other intramedullary tumors16). 
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In our study, no cyst was observed in the SMS group, consistent 
with previous literature. However, a comprehensive judgment is 
required because there is a rare case report that cyst is accompa- 
nied by SMS3), and it may appear indistinguishable from solid tumors 
on T2-WI as a consequence of the high protein content of the 
cyst fluid.

Contrast-enhanced images help the differential diagnosis15,20), 
but this study did not show any difference between the two groups. 
Syringomyelia or hemorrhage also did not show significant differences. 
Based on the above two clinical and three radiologic characteristics, 
the differential diagnosis prediction model showed high sensitivity 
and specificity. While it is difficult to accept the accuracy of the 
prediction model because of a relatively small number of subjects, 
it is reasonable to give meaning to the clinical and radiographic 
factors mentioned above.

In addition to the retrospective study design, this study has several 
other limitations. First, this study analyzes a small number of patients, 
including the 13 SIAs and 25 SMS patients, and consequently, 
it is not free from selection bias. Second, although astrocytoma's 
clinical course differs between low-grade and high-grade, the inci- 
dence of spinal cord lesions is very low, so in this study, the two 
diseases were classified into one group. Third, this study has hete- 
rogeneity by including both 1.5 Tesla (T) and 3T MRI and advan- 
ced MRI techniques, which have higher sensitivity, such as diffu- 
sion-weighted imaging and diffusion tensor imaging were not inclu- 
ded. In T2-WI, the probability of finding a cord lesion was reduced 
due to pulsation artifact, and spinal cord lesions usually do not 
show low intensity on T1 images due to the spinal cord's dense 
organization1). However, it is inevitable because of the rare incidence 
of both diseases. Nevertheless, the existing researches on this subject 
were sparse, so that the clinical meaning of this study can be 
adequately strengthened.

CONCLUSION

In this study, clinical features and imaging characteristics were 
compared through a series of SIA and SMS patients. Whereas SMS 
patients had a remission period between acute exacerbations, 
whereas SIA patients showed a progressive course. The majority 
of the SIA occupied both halves of the spinal cord. Fusiform dilation 
or tumoral cyst was a common finding in SIA. However, additional 
studies based on large patients and advanced imaging are needed 
to validate these findings.
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