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Diffusion-weighted MR imaging
in acute spinal cord ischemia

Abstract We report diffusion-
weighted (DW) MR findings for
acute spinal cord ischemia in a
56-year-old patient. MR imaging
obtained approximately 3 h after
symptom onset demonstrated an area
of hyperintensity on DW images, but
no conspicuous signal abnormality
on T2-weighted images in the conus
medullaris. DW imaging of the
spinal cord can contribute to the early
detection of spinal cord vascular
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compromise.

Introduction

The time required to establish a diagnosis of spinal cord
infarction from neurological deficits varies because such
a diagnosis is made mainly on the basis of clinical fea-
tures. Conventional MR studies have been reported to
contribute to the characterization of spinal cord ischemia
[1, 2]. Additionally, the usefulness of the DW imaging
technique for the early detection of spinal cord infarction
has been anticipated, similar to the use of brain MR im-
aging for the detection of cerebral ischemic attacks [3-9].
In the present case, DW images revealed a signal abnor-
mality in the spinal cord prior to conspicuous changes on
T2-weighted images during the hyperacute phase.

Case report

A 56-year-old man was transferred to the emergency room of our
institution at 12:15 because of the sudden onset of a lower back
pain and gait disturbance. The patient first experienced these com-
plaints shortly after becoming aware of a mild urinary disturbance,
which had developed around 12:00.

A neurological examination in the emergency room, performed
at 13:00, revealed muscle weakness in the bilateral lower extremi-
ties and a reduced sensation of coldness, pinpricks and touch be-
low the knee. Sensations of vibration and position were normal.
No patellar tendon reflex or Achilles tendon reflex were noted.
Cerebrospinal fluid analysis was normal.

Radiographs of the lumbar spine showed no compressive de-
formity of the vertebrae or intervertebral disk space narrowing. A
subsequent abdominal CT study showed no abdominal aortic an-
eurysm or dissection.
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Fig. 1 A 56-year-old man with
spinal cord infarction in the
conus medullaris. a Sagittal
diffusion-weighted MR image
of the lumbar spine obtained
approximately 3 h after the
onset shows a focal hyper-
intense lesion (arrow). b ADC
map shows a slight decrease of
the cord intensity (arrow) in
the abnormal area on the DW
image. ¢ Sagittal fast spin-echo
T2-weighted MR image shows
no significant signal alteration
corresponding to the abnormal-
ity on the DW image. d Axial
T2-weighted MR image at the
level of the conus medullaris
also shows no conspicuous
signal abnormality. e Follow-
up MR study performed 4 days
after symptom onset reveals an
area of hyperintensity in the
swollen conus medullaris on
T2-weighted image. f Axial
T2-weighted MR image in fol-
low-up study shows markedly
increased intramedullary inten-
sity compared with d

At 15:30, he was transported to the MR room for lumbar MR
imaging. No conspicuous abnormal signal intensity was seen on
spin-echo T1-weighted and fast spin-echo T2-weighted MR imag-
es. However, DW images revealed an area of hyperintensity in the
conus medullaris. The mean apparent diffusion coefficient (ADC)
measured 1.54+0.43x10-3 mm?/s in the abnormal signal region on
DWI and 2.20+0.36x10-3 mm?/s in the adjacent normal-appearing
region of the spinal cord (Fig. 1a—d).

DW images were obtained on a 1.5-T scanner using a single-
shot fast spin-echo (SSFSE) sequence, in which motion-probing
gradients were applied in the cephalocaudal direction with b values
of 0 and 400 s/mm? [10]. Other scanning parameters for DW imag-
ing were as follows: TR, 15,000 ms; TE, 100 ms; echo space, 6 ms;
imaging matrix, 128x128; field of view, 30x30 cm; section thick-
ness, 5 mm; NEX, 1; imaging time, 1 min and 30 s. No cardiac
gating and respiratory compensation were used.
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Treatment for the reduction of cord edema was started immedi-
ately after the diagnosis of spinal cord infarction, made on the
basis of the clinical findings and supported by the MR imaging
findings.

MR imaging performed 4 days after the onset showed spinal
cord swelling on T1-weighted MR images and an area of hyperin-
tensity in the conus medullaris on T2-weighted images (Fig. le,f).
The bright area on DW images persisted. The mean ADC value in
the lesion was 0.78+0.20x10-3 mm?/s.

A follow-up MR imaging performed approximately 1 month
after symptom onset showed the resolution of the cord swelling on
T1-weighted MR images. The hyperintense lesion in the conus
medullaris had decreased in size on both T2-weighted and DW
images. The mean ADC value in the abnormal signal area was
1.20+0.55x10-3 mm?/s.

A 3D phase-contrast MR angiography of the thoracolumbar
spine showed no abnormal vascular structure. Post-contrast imag-
es were not obtained because the patient was on medication for
bronchial asthma.

The muscle weakness in both legs improved after the 20th day
of admission, and the patient became able to urinate voluntarily
approximately 1 month after admission; the bilateral Achilles ten-
don reflexes had also normalized at that time.

Discussion

DW imaging of the spinal cord has been expected to
enable the detection of spinal vascular compromise at
an earlier stage than conventional MR studies. On con-
ventional MR images, spinal cord ischemic lesions are
demonstrated as areas of hyperintensity on T2-weighted
images and cord swelling on T1-weighted images, al-
though no signal abnormalities have been observed in
the first 3 h after onset of clinical symptoms in the past
literature [2]. Although several investigators have report-
ed that DW imaging can depict spinal cord infarctions as

hyperintense intramedullary signal abnormalities [4-9],
their DW images were obtained at earliest 4 h after
symptom onset [6]. In our case, the DW imaging of the
spine was performed approximately 3 h after the onset.
This is the earliest DW imaging acquisition time ever
reported in the context of spinal cord ischemia. Even
during the hyperacute phase, DW imaging conspicuously
demonstrated an ischemic lesion in the spinal cord, de-
spite the inconspicuous abnormality on T2-weighted im-
ages. The delayed alteration of the cord signal on follow-
up T2-weighted MR images verified the implications of
the abnormal DW imaging findings obtained during the
initial MR study. Our observation reinforces the theoreti-
cal expectation that DW imaging could advance the time
of detection of cytotoxic edema in hyperacute spinal
cord ischemia, compared to conventional T2-weighted
imaging [11].

We believe that the DW imaging results contributed to
an early treatment in the present case, possibly leading to
the subsequent clinical improvement. However, we should
consider the possibility of false negative DW image in
spinal cord ischemia, because a shortest time interval be-
tween symptom onset and positive DW image is still un-
known. In addition, we should also be aware that a spinal
cord lesion, which could lead to hyperintensity on DW
image, may be other entities such as myelitis, neoplasms,
multiple sclerosis and myelomalacia, although those have
not been fully investigated using DW imaging.

As to DW imaging technique, we employed the
SSFSE sequence described by Tsuchiya et al. [10]. This
technique can be used for emergency DW study because
it has an acceptable imaging time without requiring
cardiac gating or respiratory compensation technique.
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