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Purpose: To compare the diffusion characteristics of idiopathic acute transverse
myelitis (ATM) and acute spinal cord infarction (SCI).

Materials and Methods: Diffusion-weighted images (DWI) and an apparent diffu-
sion coefficient (ADC) map were prospectively obtained from patients diagnosed
with myelopathy between February 2006 and April 2009. Inclusion criteria included
1) the presence of an intramedullary T2-high signal intensity and 2) a final diagno-
sis of idiopathic ATM or SCI established by one neurologist. In total, 13 patients (M :
F =8 :5; mean age, 39.5 years; range, 29-50 years) with idiopathic ATM and seven
patients (M : F = 2 : 5; mean age, 58 years; range, 48-75 years) with SCI were in-
cluded in this study. Two radiologists evaluated the DWIs and ADC map in consen-
sus. The extent of the cord signal change was also evaluated on T2-weighted sagit-
tal images.

Results: Among the 16 patients with ATM, 14 patients showed iso-signal on an
ADC map, but one case showed restricted diffusion and another showed increased
diffusion on the ADC map. Among the seven patients with SCI, five patients showed
restricted diffusion.

Conclusion: Idiopathic ATM usually does not demonstrate restricted diffusion,
which can be a clue to differentiate it from SCI. However, idiopathic ATM with larg-
er segment involvement can show focal diffusion restriction.
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INTRODUCTION

Diftusion-weighted imaging (DWI) has been widely used
in both clinical and research fields. The changes in diffusion
signal, which reflects changes in the mobility of water mole-
cules, visualize variable kinds of pathology including acute
infarction, abscess, neoplasm, and multiple sclerosis in the
brain (1). In the spinal cord, DWI might provide useful infor-
mation about the same pathologies.

A variety of obstacles exist for diffusion-weighted imaging
of the spinal cord (2-4). Specifically, the motion of surround-

ing cerebrospinal fluid (CSF) can cause gross artifacts in in-
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herent motion-sensitive DWI (5). The small size of the spinal
cord also necessitates the use of high-resolution images. In
addition, multiple interfaces of bone and soft tissue can in-
duce susceptibility artifacts. With the advent of the navigator
guided, multi-shot echo planar technique; the clinical applica-
tion of DWT in the spinal cord has now become feasible (1-6).

Several different diseases present with acute spinal dysfunc-
tion. Clinicians might suspect trauma by patient histories. In-
traspinal hemorrhage, arteriovenous malformation, disc her-
niation, and tumors in the spinal canal can be differentiated
by conventional MRI. Multiple sclerosis also can be diag-

nosed clinically with a history of relapsing episodes, CSF ab-
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normality, and concurrent white matter lesions on brain MRI.
When the conditions mentioned above can be excluded in
patients with acute myelopathy, the remaining possible diag-
noses include spinal cord infarction (SCI) and idiopathic
acute transverse myelitis (ATM).

Distinguishing these two diseases in the acute stage is cru-
cial for planning treatment, but it is challenging for clinicians
and radiologists. Both SCI and ATM exhibit intramedullary
high signal intensities on T2 weighted images or may show
normal conventional MR findings in up to 45% (7) and 34%
of cases (8), respectively. In these cases, DWI can be helpful
in differentiation. The value of DWTI in SCI has been demon-
strated in several papers, by showing diffusion restriction in
acute stages (3, 4, 9). However, to our knowledge, no study
has yet described the diffusion characteristics of ATM. There-
fore, the purpose of the present study is to define the diffusion
characteristics of idiopathic ATM and to compare them with

the diffusion characteristics of SCI.

MATERIALS AND METHODS

Patients

This study was approved by the institutional review board
and informed consent was obtained. From February 2006 to
June 2009, DWI and an apparent diffusion coefficient (ADC)
map were prospectively obtained for patients who visited the
department of neurology in our hospital with symptoms of
acute myelopathy. The patients who had definite causes for
myelopathy, such as structural abnormality, tumorous lesions
in spinal canal, or infection, were initially excluded. Inclusion
criteria were: 1) the presence of intramedullary high signal in-
tensity on sagittal T2-weighted images (T2WI), and 2) a final
diagnosis of idiopathic ATM or SCI. The diagnosis of idio-
pathic ATM was established by one neurologist, using the cri-
teria of the Transverse Myelitis Consortium Group (8, 10-13).
The diagnosis of SCI was established by one neurologist and
one spine radiologist, with the clinical course and follow up
response after treatment (7, 14-16). Patients with disc hernia-
tion at the same level as the high intramedullary signal inten-
sity on T2WTI were also excluded. Ultimately, 13 patients (M :
F = 8: 5; mean age, 39.5 years; range, 29-50 years) with idio-
pathic ATM, and seven patients (M : F = 2 : 5; mean age, 58
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years; range, 48-75 years) with SCI were included in this
study. Four patients were also included in the idiopathic ATM
from a previous study about diffusion tensor images (17). In
the ATM group, seven patients initially presented with the
disease and six patients had been previously diagnosed with
ATM. Of the six, four patients had relapsed symptoms, while
the other two patients were in symptom-free periods. None of
the patients with ATM had a definite cause for their disease.
All seven patients in the SCI group had been initially attacked,
presenting with acute spinal dysfunction. Six patients had an
unremarkable medical history; without history of stroke or
hypertension. In one patient, SCI had occurred as a complica-
tion after a bronchial artery embolization.

For the diagnosis of ATM, cerebrospinal tapping was per-
formed in all cases. Among the 13 patients with ATM, CSF
pleocytosis was detected in only three patients. For the other
12 patients, the CSF revealed no sign of inflammation. Ac-
cording to the criteria of the Transverse Myelitis Consortium

Group, these 12 patients were classified as “possible ATM”.

DWI Techniques

A 1.5-T MR scanner (Gyroscan Intera, Philips Healthcare,
Las Vegas, NV, USA) was used for DWI. Head and neck coils
were applied to all subjects. DWI with ADC maps were added
to conventional sequences, including T1, T2 weighted images
and contrast enhanced T1 weighted images of the axial and
sagittal planes. Sensitivity encoding (SENSE) single-shot echo-
planar imaging with a pulse sequence and SENSE factor of 2
was used for the sagittal DWT in the cervical spinal cord with a
b-value of 900 s/mm? 15 diffusion gradient directions, five ex-
citations, and a 4-mm slice thickness. The diffusion gradient
strength was 30 mT/m, the foldover direction was anteroposte-
rior, and the fat shift direction was posterior. The TR/TE was
7,000/100 msec, with a matrix of 112 x 128; the field of view of
224 x 224 mm, and a 4-mm slice thickness.

Image Analysis

Two radiologists; one an experienced spine radiologist and
the other a resident doctor, evaluated the DWIs and ADC
maps in consensus. They also evaluated T2-sagittal images,
focusing on the extent of signal changes. The extent of the le-
sions was measured using the height of the vertebral body as
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the unit of measurement. The patients having different DWI
or ADC map signal characters were compared in terms of the

extent of the T2-high signal.

Table 1 summarizes the MR findings. Most of the patients
(11 of 13, 85%) with ATM did not show restricted diffusion on
ADC maps (Fig. 1). Only two of the 13 patients (15%) with id-
iopathic ATM showed restricted or increased diffusion on
ADC maps. A patient showed restricted diffusion, while the
other showed increased diffusion on the ADC map.

Among the 11 idiopathic ATM patients with iso signal in-
tensity on ADC, a high signal intensity on DWI was observed
in eight patients (8/11, 72%), which can be regarded as a T2
shine-through effect due to high signal intensity on the T2
weighted sequence. The other three patients with idiopathic
ATM showed iso-signal intensity on both the DWI and the
ADC map.

The restricted or increased diffusion on ADC maps tend to
appear in ATM patients who have larger intramedullary T2-
high signal lesions. All three patients with idiopathic ATM
and an iso-signal on both the DWI and the ADC map had

A

Fig. 1. A 32-year-old woman with acute transverse myelitis.

Yeo Goon Kim, et al

less than one spine segment involved. The extent of the signal
change was two spine segments for patients with restricted
diffusion (Fig. 2), and four spine segments in one patient with
increased diffusion (Fig. 3). In the case with increased ADC
signal, the DWT signal was isointense. The isointense signal on
DWTI was derived from the summation of low signal intensity
according to increased diffusion and high signal intensity
from the T2 shine-through effect.

The extent of signal change in the 8 patients with a T2 shine-
through effect were 2.7 spine segments on average (range
1-7). The mean length of the lesion in patients without diffu-
sion restriction was about two vertebral body heights.

Among the seven patients with SCI, five showed restricted

diffusion (Fig. 4). The other two patients had iso-signal inten-

Table 1. Signal Changes on Diffusion Weighted Images (DWI) and
Apparent Diffusion Coefficient Map on MRI

DWI T, ADC -
DWI —. ADC - DWIT,ADC| DWI-, ADC'
ATM (n = 19) 16 (85%) 2 (10%) 1 (5%)
SCl(n=7) 2 (29%) 5 (71%) 0 (0%)

Note.—ATM = acute transverse myelitis, SCl = acute spinal cord infarct,
DWI = diffusion weighted images, ADC = apparent diffusion coefficient
map, ADC- = iso-signal intensity on ADC, ADC T = high signal intensity on
ADC, ADC | = low signal intensity on ADC

c

A. Sagittal T2 weighted image shows intramedullary high signal intensity with cord swelling from level C1 to C6 (arrows).
B, C. Diffusion weighted image and apparent diffusion coefficient map demonstrate no abnormal signal change (arrows).
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sity on the ADC map. The five patients with SCI showed re-  and 1 spine segment in each patient.
stricted diffusion irrespective of the extent of the signal change
(five, four, three, one spine segment, and diffuse involvement

from thoracic level to the conus). In the two patients without

restricted diffusion, the extent of the involved lesion was 4 ATM is characterized by acute or subacute onset spinal

A B (o

Fig. 2. A 49-year-old man with acute transverse myelitis.

A. Sagittal T2 weighted image shows intramedullary high signal intensity lesion from level T8 to T11 (arrows).

B, C. Diffusion weighted image (B) and apparent diffusion coefficient map (C) illustrate focal diffusion restriction in a cord lesion on a T2
weighted image (arrows).

A

Fig. 3. A 29-year-old woman with acute transverse myelitis. MRI taken 5 days after onset of symptoms.

A. Sagittal T2 weighted image shows intramedullary high signal intensity with cord swelling from level C2 to C6 (arrows).

B. Diffusion weighted image shows iso-signal intensity, probably due to a summation effect of T2 shine-through effect and increased diffusion
(arrows).

C. Apparent diffusion coefficient map demonstrates high signal intensity, which implies increased diffusion (arrows).
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cord dysfunction involving both the anterior and posterior
spinal cord (10). Clinical findings include motor, sensory, and
autonomic symptoms. ATM is a rare disorder with an inci-
dence of one to four new cases per million per year (18). ATM
affects all ages, with bimodal peaks between ages of 10 and 19
years and 30 to 39 years. No gender or familial predisposition
has been reported (19).

ATM can be classified into idiopathic ATM and disease-asso-
ciated ATM. Disease-associated ATM can be diagnosed if a pa-
tient is predisposed to having an inflammatory disease (i.e.,
multiple sclerosis, systemic lupus erythmatosus, Sjogren syn-
drome, Behcet disease, or sarcoidosis) (20). ATM can be the
presenting features of demyelinating disease such as neuro-
myelitis optica or multiple sclerosis. In ATM patients, 75% to
90% have monophasic disease, while 20% of patients have re-
current episodes. Patients with multifocal lesions in the spinal
cord, concurrent lesions in the brain, oligoclonal bands in the
CSE or serum auto-antibodies, are at greater risk of recur-
rence (19). The diagnosis of idiopathic ATM can be made by
the criteria proposed by the Transverse Myelitis Consortium
Working Group. According to these criteria, a diagnosis of
ATM requires evidence of inflammation. The presence of in-

flammation is determined only by MRI and CSF analysis.

A B

Fig. 4. A 75-year-old woman with a spinal cord infarction.

Yeo Goon Kim, et al

Therefore, the low sensitivity and specificity of CSF study lim-
its these criteria. Consequently, cases that satisfy all criteria
except evidence of inflammation in CSF studies are labeled as
“possible ATM” (10).

SCI is a severe neurological condition with a poor progno-
sis, resulting in paraplegia in 33% of patients (9). No estab-
lished treatment for spinal cord infarction exists, but anticoagu-
lation with heparin and aspirin appears to improve outcome
(21-23). The usefulness of DWI in spinal cord infarction has
been demonstrated in several papers (3, 4, 9, 24-26). Thurn-
her and Bammer (9) reported six cases of spinal cord infarc-
tion that demonstrated diffusion restriction and they were
previously reviewed in published reports. In a majority of pa-
tients with spinal cord infarction, signal abnormalities were
noted in both T2 weighted images and diffusion weighted im-
ages.

The differentiation of ATM from SCI is important for sev-
eral reasons. First, the therapeutic strategy is different for
each disease. Initial treatment should include anticoagulation
and steroid therapy until a definitive diagnosis is made. Fur-
ther, both anticoagulation and steroid therapy has a consider-
able risk of dangerous complications. Therefore, diagnosis

should be made as soon as possible. Second, the diagnostic

A. Sagittal T2 weighted image illustrates diffuse intramedullary high signal intensity with cord swelling from level T8 to conus (arrows).
B, C. Diffusion weighted image and apparent diffusion coefficient map demonstrate diffusion restriction in the affected level (arrows).
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plan is different for each disease. After exclusion of vascular
myelopathy, additive studies (i.e., brain MR, orbit MR) should
be undertaken in ATM patients to test for the possibility of
multiple sclerosis or neuromyelitis optica. Lastly, the progno-
sis of ATM is very different from that of SCI.

This study was designed to demonstrate diffusion charac-
teristics of ATM, with an assumption that the diffusion char-
acteristics would help in differentiating ATM and SCI. In
most cases of ATM, diffusion restriction was not identified. In
contrast, diffusion restriction was noted in most SCI cases,
consistent with previous reports (3, 4, 9, 24-26). In two pa-
tients with a relatively larger extent of ATM involvement, ab-
normal signal intensity was noted on ADC. In a patient, the
ADC signal was increased, which implied increased diffusion.
Renoux et al. (27) also observed increased ADC and fraction-
al anisotropy in two multiple sclerosis patients. They explained
that the increased ADC may be due to modifications of the
extracellular compartments caused, for example, by intracel-
lular edema with inflow of the extracellular space or by cellu-
lar infiltration by inflammatory cells.

According to our results, DWI with an ADC map can give
useful information for differentiating ATM and SCI. Howev-
er, in patients with long segmental cord lesions, changes in
the ADC map can be demonstrated. In patients with very
small (less than one spine segment) cord lesions, the changes
in DWT can be missed due to the low spatial resolution of
DWIL

Our study has some limitations. First, the number of pa-
tients was small in both the ATM and SCI groups since these
are both rare disorders. Second, the duration between the on-
set of symptoms and the date of MRI was not unified in the
ATM group. The duration varied from a few hours to one
month. The temporal changes in signal on diffusion-weighted
images could have been a compounding factor in this study.
Therefore, further study is needed that is focused on signal
changes of ATM on DWI with time courses. Lastly, the spatial
resolution was low because axial images of DWI and ADC
were not available. In conclusion idiopathic ATM usually
does not demonstrate restricted diffusion, which can be a clue
for differentiating it from SCI. However, idiopathic ATM
would rarely show a diffusion change with larger segment in-

volvement.
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