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INTRODUCTION
Before the introduction of magnetic resonance imag-
ing (MRI), various radiographic methods were used
to diagnose lesions of the spinal cord. Myelography
and CT myelography show cord enlargement and
cord contour, but the abnormality within the spinal
cord was difficult to evaluate.1'3 Angiography has
been used to evaluate vascular lesions, mainly the
arteriovenous malformations of the spinal cord. In
addition, ultrasonoglaphy, used during surgery and in
young children, can reveal the solid or cystic nature of
the spinal cord pathology. Radionuclide studies, plain
radiography and ether diagnostic methods have rarely
been fruitful in the diagnosis of spinal cord lesions.

Since the clinical application of MR imaging, this
technique has become the main method in the diagno-
sis of intrinsic spinal cord lesions or intramedullary
abnormalities because of its high contrast resolution,
non-invasiveness, lack of artifacts and ability to image
in any desired planes.'** Furthermore, the differing
signal intensity within the spinal cord has been used
to assess accurately the internal anatomy and patho-
logy of the spinal cord. With MR imaging, direct
visualization of the spinal cord has become possible,
enabling detailed analysis of the contents of the
tissues within it.7 In particular, sagittal MR images of
the long and slender spinal cord along the body axis
can be obtained easily. Therefore, MR imaging has
become the most important and reliable imaging
procedure in the diagnosis of intramedullary lesions,
but, in spite of its advantages, there have been some
difficulties in accurately defining and differentiating
the various histological types of intramedullary ab-
normalities. Water-soluble MR contrast media have
helped, and this review focuses on the MR imaging of
the intramedullary lesions, with emphasis on the
value of water- soluble contrast media like Gd-DTPA
in the diagnosis of such lesions.

INTRAMEDULLARY TUMORS
With the application of MR imaging, it has become
much easier to detect, localize and characterize
intramedullary tumours. Looking at spinal tumours
in general, 7 to 22% are intramedullary, 53 to 65% are
intradural and extramedullary, and 28 to 30% have an
extradural location.' Fifty-four percent of spinal
tumours are found in the thoracic region, while 21%
are lumbar, 18% cervical, 7% sacral and 1 % are found
in multiple locations. More than 95 % of intramedullary
tumours are gliomas, among which 65 % are
ependymomas, 30 % astrocytomas and 3%
oligodendrogliomas. Other varieties of tumour make
up 2%.' In the cervical spinal cord, astrocytomas are
more common, whereas ependymomas and
astorcy tomas are common in the thoracic spinal cord
and ependymomas are most frequent in the medullary
conus. Syringomyelia may be associated in the
superior and inferior aspect of the tumour.

On MRI, intramedullary tumours show diffuse
enlargement of the spinal cord on Tl -weighted images,
whereas T2-weighted images reveal high signals
within the spinal cord secondary to the tumour and/or
its surrounding oedema. Haemorrhage and cyst
formation may be detected on MR images. The tumour
and oedema are usually slightly hypo-intense
compared with the normal spinal cordon Tl -weighted
images. When Gd-DTPA is given intravenously, Tl-
weighted images show various degrees of contrast
enhancement. The contrast enhancement may be
diffuse, spotty or local with varying degrees of signal
intensity increase, and Gd-DTPA helps to charac-
terize and delineate the lesion.

INFLAMMATRY LESIONS
Various agents can produce infectious diseases within
the spinalcord,causingmyelopathy*'°. These include
bacterial, granulomatous, viral, parasitic and auto-
immune diseases. In spite of the varied pathogenesis
and regardless of the specific agents, the response of
the normal tissue of the spinal cord leads to the
production of inflammatory infiltrates of lympho-
cytes, plasma cells and neutrophils together with
vasogenic and cytotoxic oedema adjacent to the
infiltration*. Vascular thrombosis, necrosis, lique-
faction and cyst formation may follow. Spinal cord
inflammation can be divided into two groups:
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(1) non-granulomatous disease including AIDS
myelitis, acute disseminated encephalo-
myopathy (ADEM), herpes zoster myelitis
and inflammatory myelitis of unknown origin;

(2) granulomatous diseases such as tuberculosis
and sarcoidosis.

Tl -weighted images in non-granulomatous diseases
demonstrate minimal to diffuse enlarge- ment of the
spinal cord with slightly decreased signal intensity or
normal signal intensity relative to that from the normal
cord. T2-weighted images show focal or diffuse high
signal intensity within the spinal cord that encompass
the inflammatory lesion as well as the oedema. A skip
area may be observed in some patients with an
inflammatory process, a very important finding that
helps to differentiate inflammation from tumours10.
In these patients, contrast-enhanced Tl-weighted
images show diffuse, peripheral or nodular enhance-
ment, such enhancement being rather unusual for
tumours.

In patients with intramedullary granulomatous
diseases, focal spinal cord enlargement is seen on Tl -
weighted images, whereas there is a localized increase
in signal intensity within the cord swelling on T2-
weighted images.

Following injection of contrast media, there is usually
nodular enhancement of the lesion within the cord.
On the follow-up study after resolution of the lesion,
the enhancement usually disappears as the spinal cord
returns to normal.

Demyelinating Diseases
As with the brain, numerous demyelinating diseases
can affect the spinal cord to produce myelopathy of
various degrees. The most important demyelinating
disease in the spinal cord is multiple sclerosis (MS);
however, radiation myelitis, ADEM and acute
transverse myelitis can also produce spinal cord
demyelinau'on processes.

(1) Multiple sclerosis (MS)
MS occurs from the second decade to the fifth
decade and its prevalence is highest in Northern
Europe,Canada, and the United States. Cervical
cord involvement is more common than

(2)

involvement of the dorsal and lumbar cord. In
the acute phase, the myelin of the white matter
is fragmented and destroyed, together with
microglial and perivascualr Iymphocytic
infiltration followed by development of gliosis
within the chronic plaque. Most patients
develop multiple disease symptoms and spinal
lesions are frequently associated with lesions
in the brain. The demyelinating process is
more often seen in the dorsal and lateral aspect
of the spinal cord.

In the acute phase, the spinal cord may be
slightly enlarged, but no signal intensity
changes are observed on T1 -weighted images.

On T2-weighted images, ovoid or elongated
high signal intensity lesions are seen within
the spinal cord. Oedema may be shown as a
diffuse hyper-intense area associated with the
lesion. During the acute phase, there is usually
enhancement of the lesion on Tl-weighted
images, the enhancement being stronger on
delayed images between 45 and 60 minutes."
Slight enhancement may be present on the
early image, but it is more obvious between 45
and 60 minutes after injection of contrast media.
Contrast enhancement can help to differen-
tiate acute 'active' MS plaques from non-
enhancing chronic 'inactive' lesions.12

During the chronic phase, there may be general
atrophy of the cervical cord or the cord size
may be normal. These lesions may be hyper-
intense on T2-weighted images, but they do
not show enhancement Following spontaneous
improvement or regression after treatment,
enhancement with Gd-DTPA falls as the
clinical signs and symptoms of myelopathy
decrease, so the degree and extent of contrast
enhancement gives a good indication of the
effect of treatment.

Radiation myelitis
The degree of radiation injury following radia-
tion therapy of the spinal cord depends upon
the radiation dose, dose fractionation, and the
length of the spinal cord irradiated. Patho-
logically, demyelination, oedema and gliosis
with necrosis are observed within the spinal
cord lesion. A conventionally fractionated dose
produces an incidence of radiation myelopathy
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(3)

that ranges from 5% at doses between 57 to 61
Gy to 50% at doses between 68 and 73 G y m ' .
It appears that a total dose of 65 Gy is the dose
at which a higher incidence of radiation
myelopathy occurs. With increasing dose, the
latent period of myelopathy shortens.16 The
incidence of radiation myelopathy is between
1 and 10% after treatment of nasopharyngeal
carcinomas.17"

Radiation myelopathy should be suspected
when neurological signs referable to the
segment of irradiation occur and other causes,
such as metastasis, can be excluded. The latent
period of myelopathy varies from 7 months to
5 years.

On MR imaging, there are low signal intensi-
ties on Tl-weighted images and high signal
intensities on T2-weighted images of a long
segment of the irradiated cord.

Swelling of the spinal cord may be observed.
Focal enhancement is seen after administra-
tion of Gd-DTPA."These findings may persist
for several months.20 When MR imaging is
performed a long time (up to 3 years) after the
initial symptoms of myelopathy, atrophy of
the spinal cord and focal contrast enhance-
ment are the only findings observed on MR
imaging. There is no evidence of abnormal
signal intensity within the spinal cord.19

Acute disseminated encephalomyelitis
(ADEM)
ADEM is benign relapsing encephalomyclilis
which typically occurs several weeks after a
previous inoculation or viral infection such as
parotitis, measles, and varicella.13 Patho-
logically, there are areas of perivasucular
lymphocytic infiltration and demyelination,
but usually no infectious agents can be found.
The primary site of involvement is the brain,
but occasionally the spinal cord may be in-
volved as well. This disease is usually
monophasic.

On MR imaging, the findings of ADEM are
similar to MR findings of multiple sclerosis.

In the acute phase, the cord is normal or
slightly enlarged on Tl-weighted images,

whereas T2 weighted images show increased
signal intensity in the lesion. In the chronic
phase, atrophy of the spinal cord is observed,
and contrast enhancement usually does not
occur.

Vascular lesions
These pathological entities include spinal cord
infarcts, arteriovenous malformation and
cavernous haemangioma.

(1) Spinal cord infarct
The spinal cord infarcts have been considered
rare, and diagnosing them with conventional
imaging techniques is very difficult6120121 How-
ever, with the introduction of MR imaging,
spinal cord infarcts can no w be diagnosed with
relative ease. Although there is no Firm
information on the epidemiology of spinal
cord infarcts, vascular surgery, aortic
dissection, atherosclerosis and arteritis are
among the causative factors. Other precipitat-
ing factors may include hypotension, strangling
and acute disc herniation.20

MR imaging of the acute phase shows high
signal intenstiy within the cord on T2-weighted
images and enlarged cord without significant
signal intensity change on Tl-weighted images.

The high signal intensity on T2-weighted
images is observed in the entire spinal cord or
in the central grey matter. In the latter situation,
the central area and posterior horn of the grey
matter is more frequently involved, since these
areas are more susceptible to the ischaemic
injury. In a small number of cases, bone marrow
changes may appear as high signal intensity
areas on T2-weighted images and as low signal
intensity areas on Tl -weighted images. These
bone marrow signal changes are observed in
the anterior half or in the multiple areas near
the endplate and/or deep medullary portions of
the vertebral bodies20. This is because the
blood supply of the vertebral body comes from
the I umbar and intercostal arteries which supply
the spinal cord.

Contrast enhancement of the spinal cord may
be diffuse or patchy.20-22 Contrast enhance-
ment on serial MR imaging parallels the find-
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ings in cerebral infarcts and excludes other
entities such as tumours21. Several months
after infarction, T2- weighted images may show
spinal cord atrophy with minimal areas of high
signal intensity.20

2) Arteriovenous malformation
There are two main types of arteriovenous
malformations, one involving the spinal cord
and the other involving the dura623.
Intramedullary arteriovenous malformations
are generally seen in young adults. These
arteriovenous malformations present as sub-
arachnoid haemorrhage or intramedullary
haemorrhage, or slowly progressing symp-
toms due to spinal cord ischaemia. The nidus
is localized within the spinal cord and the
feeding artery is mainly the anterior spinal
artery with the drainage through the veins
around the spinal cord within the dura. Tl-
weighted images show normal or swollen cord
with the nidus showing an area of flow void.

In addition, localized and speckled areas of
high signal intensities may be seen within the
lesion or near the nidus, representing
haemorrhage within the spinal cord. Tortuous
or serpiginous vessels are seen over the spinal
cord or adjacent to the nidus on T2-weighted
images. On contrast enhancement, some of the
draning veins may be enhanced, as is gliosis
within the old haemorrhage.

In older patients, extramedullary arteriovenous
malformations are localized at the dural surface.
This is a fistula between the dural branch of the
radicular artery and the perimeduHary veins,
fed mainly by the posterior branches of the
radiculomedullary arteries. On Tl- and T2-
weighted images, cord enlargement and
ischaemic changes may be observed within
the spinal cord, together with enlarged veins
over the surface of the spinal cord. These veins
may be enhanced after injection of contrast
media.

3. Cavernous haemangioma
Cavernous haemangiomas are rare in the spinal
cord. On MR imaging, there are multilocular
lesions with different signal intensites, indi-
cating old and new haemorrhages in the cord,6-24

and a haemosiderin ring, showing a hypo-

intensity band, may surround the lesion on
both Tl- and T2-weighted images. The lesion
is seen as a central focus of high singal inten-
sity, surrounded by a low signal intensity rim.
A mass effect may be present when
haemorrhage has recently occurred. After
administration of contrast media, enhance-
ment is rare, but may be seen as speckled or
spotty areas.
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