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ABSTRACT. The clinical features and potential risk factors of acute 
myelitis (AM) were investigated. The medical records of patients with 
AM admitted to our department between January 2004 and December 
2011 were collected and retrospectively analyzed. The diagnosis of 
AM was in line with the diagnostic criteria of the Transverse Myelitus 
Consortium Working Group. The age of onset, clinical, and imaging 
features of these patients were analyzed. A total of 64 patients satisfying 
the inclusion criteria were enrolled in the study, including 39 males 
and 25 females. The patients ranged in age from 1 to 80 years, with 
a mean age of 34 years. Twenty-three patients had symptoms of pre-
existing infections. The correlation between spinal cord lesions and 
spinal lesions was statistically significant (P < 0.05). Cervical spinal 
cord inflammation was the most common. Prodromal infections were 
more commonly observed in thoracic spinal cord myelitis than in 
cervical spinal cord myelitis (P < 0.05). AM appears to be more likely 
to occur in male minors. Lesions of the spinal column were partially 
implicated with the occurrence of myelitis, which suggests that such 
lesions might be a predisposing factor. Compared to AM of the cervical 
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cord, pre-existing infections appear to be of greater significance for the 
occurrence of myelitis of the thoracic cord.
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INTRODUCTION

Acute myelitis (AM), also known as acute transverse myelitis (ATM), is an acute 
transverse inflammatory disorder of the spinal cord that is caused by the immunological re-
sponse following infections. The early use of steroid therapy could achieve partial or total 
recovery of spinal cord functions (Sá, 2009; Zettl et al., 2012). In spite of the establishment of 
comprehensive assessments and diagnostic criteria, it is still a challenge to confirm the cause 
of differential myelitis. There is no difference in gender, season, and family history in the 
occurrence of myelitis [Transverse Myelitis Consortium Working Group (TMCWG), 2002]. 
A Canadian study showed some difference in the incidence of AM between male and female 
minors (Banwell et al., 2009). However, no studies have confirmed this result in China. More-
over, since imaging examinations were employed in spinal cord assessments, some patients 
with AM were also found to have degeneration of inter-vertebrate disks. In a Japanese study, 
Matsumoto et al. (1998) found that using magnetic resonance imaging (MRI), the detection 
rate of diastrophic dysplasia (DD) in cervical spines of juvenile patients was positively cor-
related with the age. The rate of DD in the group of 10 to 19 year-old patients was lower than 
5%, whereas in the group of 20-29-year-old patients it was lower than 17%, and in the group 
of 30-39-year-old patients it was lower than 25%. In contrast, in the present study, the detec-
tion rates of DD in these three age groups were 85, 94.1, and 87%, respectively. Although the 
differences in several variables, including the expertise level of imaging technicians, the diag-
nostic criteria used, and the MRI equipment used, between these two studies make it impos-
sible to perform accurate statistical analysis, the large difference in these results nonetheless 
indicates that the detection rate of DD in cervical spines of patients with AM might be higher 
than that in healthy individuals. In this study, the age of onset, clinical, and imaging features 
of 64 hospitalized patients with AM were analyzed and the results were compared to relevant 
studies in order to explore the general clinical features and potential risk factors of AM.

MATERIAL AND METHODS

Patients

The medical records of patients with AM admitted from January 2004 to December 
2011 in the Neurology Department of Anhui Provincial Hospital were selected. The inclu-
sion criteria were as follows: comply with the diagnostic criteria of AM recommended by the 
TMCWG (2002), non-infectious signs of cerebrospinal fluid examination, and the MRI results 
suggest transverse disorder in the spinal cord.

The following exclusion criteria were applied: evidence of other immunological dis-
orders, imaging examinations confirmed the existence of demyelination in the central nervous 
system, compression of spinal cords, and cervical trauma.

A total of 64 patients were ultimately included in the study, consisting of 39 males 
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and 25 females. The patients’ ages ranged from 1 to 80 years, with a mean age of 34 years, 
including 10 male minors (younger than 18 years of age), 30 patients between 18 and 46 years 
of age (14 males, 16 females), and 24 patients above 46 years of age (14 males, 10 females).

With respect to pre-existing infections and other predisposing factors, 23 patients had 
symptoms of pre-existing infections: 9 upper respiratory infections, 10 unknown hyperthemia 
infections, and 2 gastrointestinal infections. The interval between the emergence of symptoms 
of pre-existing infections and the occurrence of AM ranged from 7 to 30 days (mean value 10 
days). In addition, 2 patients had predisposing factors: one with herpes zoster that occurred 
5 days before the onset of myelitis, and the other with parotitis 10 days before the onset of 
myelitis (Table 1).

Lesions of spinal cord With pre-existing infections Without pre-existing infections Total

Cervical cord   3 13 16
Thoracic cord 20   9 29

Table 1. Relationship between pre-existing infections and lesions of spinal cords on 64 patients with acute 
myelitis.

Imaging data

The 64 patients were all given MRI examinations, during which signal changes were 
observed to detect the inflammatory disorders and lesions of spinal vertebrae (including de-
generation of the spinal column and herniated disks).

Signal changes on spinal cords were observed on 18 cervical cords, 29 thoracic cords, 
2 lumbar cords, 10 cases of no abnormal findings, and 5 were not available. Lesions of spinal 
vertebrae were observed on 18 cervical vertebrae, 3 thoracic vertebrae, 8 lumbar vertebrae, 
22 had no abnormal findings, and 13 were not available (Table 2). There were 72 cases of co-
existence or non-existence (both occur or neither occur) of lesions of the spinal cord and verte-
brae, including 22 cases of single occurrence or at different levels, and 18 cases of unavailable 
data (data of either or both were unavailable). In addition, 7 patients had two lesions at most, 
while 19 patients had at least three lesions.

Statistical analysis

Statistical analysis was conducted to evaluate the relationship between pre-existing 
infections and lesions of the cervical and thoracic vertebrae and cervical and thoracic myelitis, 
respectively. All enumeration data were analyzed using the SPSS16.0 software. All data were 
weighted and subjected to the chi-squared test at α = 0.05.

 Cervical Thoracic Lumbar No abnormal findings N/A

Lesions of spinal cord 18 29 2 10   5
Lesions of spinal column 18   3 8 22 13

Table 2. MRI results and lesions of spinal cord on 64 patients with myelitis.

N/A = not available.
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RESULTS

Relationship between lesions of spinal cords and vertebrae 

Twelve of the 18 patients with lesions of the cervical cord had diseases of the sur-
rounding vertebral column, none had diseases of the spinal column, and 4 showed no abnor-
mal findings. Five patients had diseases of the thoracic cord, 8 had no diseases of the surround-
ing vertebral column, and 11 showed no abnormal findings. The chi-squared test showed that 
lesions of spinal cords were significantly related to surrounding vertebral column infections 
(P < 0.05). Although AM is generally believed to be a disease caused by the immune response 
occurring after infections in clinical settings, the lesions of the surrounding vertebral column 
are implicated with the occurrence of myelitis. Therefore, lesions of the surrounding vertebral 
column might be a predisposing factor of myelitis (Table 3).

Lesions of spinal cords Positive Negative No abnormal findings

Cervical cord 12 0   4
Thoracic cord   5 8 11

Table 3. Relation between lesions of spinal cords and vertebras.

Pre-existing infections in cervical and thoracic cords

Three of the 18 patients with cervical cord lesions had pre-existing infections, while 
13 patients had no such infections. Twenty patients with thoracic lesions had pre-existing in-
fections, while nine patients had no such infections. The chi-squared test revealed a significant 
correlation between pre-existing infections and the occurrence of thoracic myelitis (P < 0.05). 
However, no similar result was found in patients with cervical myelitis. Pre-existing infections 
might have more significance with respect to the onset of thoracic myelitis; however, a study 
using a larger sample is needed to confirm this result (Table 4).

Lesions of spinal cord Positive Negative Total

Cervical    3 13 16
Thoracic  20   9 29

Table 4. Pre-existing infections in cervical and thoracic cords.

DISCUSSION

Effects of age of onset and gender

The incidence of AM is 1 to 4 in one million people per year, and can affect individu-
als of all age groups. Previous studies (TMCWG, 2002) have shown that there is no difference 
in gender, season, or family history in the occurrence of myelitis. However, a study conducted 
in California in 2012 on 150 patients with AM aged from 18 to 62 years suggested that rela-
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tively more females were affected (Borchers and Gershwin, 2012). The results obtained in the 
present study also indicated that more females were affected, but only if minor patients were 
not included. A study conducted in Canada on minors with AM indicated that the average 
age for 42% of affected children was 10 years, and the majority affected were male children 
(Banwell et al., 2009). In China, no study has yet investigated the effects of age and gender on 
AM in minors. In this study, 10 of the affected minor patients were male, which suggested that 
male minor patients might be more likely to have AM. In addition, in the group of 10 to 18 
year-old, male patients affected by the disease were also in the majority. Studies using larger 
samples are worth conducting to further explore the phenomenon of increased AM incidence 
in Chinese minors.

Pre-existing infections

The mechanisms for developing AM remain unknown, and the relevant research con-
ducted to date has been inconclusive (Misra et al., 1996; al Deeb et al., 1997; Wilmshurst et al., 
1999). Approximately 40% of AM patients have a history of upper respiratory infections, diar-
rhea, and other viral infections or vaccinations (such as influenza or varicella-zoster). Signs 
and symptoms of AM are generally observed at the recovery phase of infections. No viral 
antibodies have been screened out from the cerebrospinal fluid of AM patients to date, and 
no virus has yet been extracted from these patients’ nervous tissues. Therefore, AM directly 
caused by viral infections cannot be verified. Currently, the disease is also presumed to be 
caused by effects of the immune response following virus infections rather than by direct viral 
infections in the spinal cord. In some cases, AM was diagnosed after vaccinations that could 
lead to abnormal immunological responses (Sato et al., 2011). In this study, 35% of patients 
had symptoms of pre-existing infections, which is lower than the 40% reported in previous 
studies. This might be due to neglect during the collection of the patients’ medical histories 
or due to mild symptoms of which patients were not aware. Therefore, studies with larger 
samples are needed to clarify the relationship between AM and pre-existing infections.

Imaging examinations

Two interesting phenomena were found in the imaging examinations. First, 66% of 
patients with cervical myelitis were found to be associated with degeneration of the spinal 
column, most of which occurred on the same vertebral column. This was significantly higher 
than associated diseases of the thoracic vertebral column, suggesting that the onset of cer-
vical myelitis was associated with degeneration of the cervical vertebrae. Immune actions 
are generally believed to be the main mechanism of intervertebral disk degeneration, and 
are also known to play an important role in the onset of myelitis. Previous studies (Wang 
and Hu, 1994) indicated that close autoimmunity exists in type-I collagen, type-II collagen, 
glycoprotein, and the extracellular matrix of the lamina terminalis of cartilage in healthy tis-
sues of inter-vertebral disks. When the inter-vertebral disk is ruptured, human lymphocytes 
are extremely sensitive to these components, which can lead to delayed hypersensitivity. The 
inter-vertebral disk is enclosed from surrounding blood circulation and is excluded from hu-
man immune actions after embryonic development with the degeneration of the inner vessels. 
When the inter-vertebral disk is ruptured or impaired, the nucleus pulposus is pushed through 
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fibrous rings and the posterior longitudinal ligament. During the repair process, vasculariza-
tion develops into the nucleus pulposus that is within the range of human immune actions. 
Glycoproteins and b-proteins in the matrix of the nucleus pulposus become the antigens that 
will induce the immunological response. Previous studies (Olmarker et al., 1993; Palmer et 
al., 1993; Spiliopoulou et al., 1994; Kang et al., 1997; Satoh et al., 1999; Kohyama et al., 
2000; Burke et al., 2002) have shown that the degeneration of the inter-vertebral disk plays a 
significant role in the development of secondary impairments of spinal cords. In China, only 
one study has been published concerning acute cervical myelitis that supports our hypothesis 
that cervical inter-vertebral disk degeneration might be one of the risk factors inducing cervi-
cal myelitis (Wang et al., 2010).

The second phenomenon emerging from the imaging examination was that myelitis 
occurring on thoracic segments had no corresponding degeneration at the same level. Only 
five of the 29 patients (17%) with thoracic myelitis were associated with degeneration of tho-
racic vertebrae, and 20 patients (69%) had pre-existing infections. These results differed from 
those observed in patients with cervical myelitis, in which the degeneration rate was 12/18 
(66%) and there was a low rate of pre-existing infections (3/10; 30%). Therefore, we propose, 
for the first time, that pre-existing infections might be a risk factor or play an important role in 
the onset or the occurrence, respectively, of thoracic myelitis.

Finally, we attempted to interpret differences in the onset of thoracic and cervical 
myelitis based on the blood supply features at different sites. The blood supply to the cervical 
and lumbar vertebrae is abundant, whereas the blood supply to thoracic cords is limited; the 
area from T1 to T5 is even referred to as “the dangerous zone”. According to pathological and 
physiological characteristics, recovery after impairment is usually more difficult at sites with 
less blood supply. Therefore, we suggest that immune actions might be strengthened at these 
sites after they suffer from infection.

CONCLUSION

AM is a neurological disorder with high deformity rates, and its mechanisms remain 
unknown. Analysis of clinical features is helpful for detecting risk factors and preventing 
the occurrence of AM as early as possible. Three main conclusions were reached in this de-
scriptive study: 1) male minors might be more likely to be affected by AM; 2) degeneration 
of the inter-vertebral disk was commonly seen in cervical myelitis; 3) thoracic myelitis was 
relatively more associated with pre-existing infections. Further studies with increased sample 
sizes and control groups are necessary, along with detailed experimental studies addressing 
each of the conclusions above to confirm these results and to verify these relationships further. 
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