Review Article

Magnetic Resonance Imaging of the Epilepsies

uch progress has been made over the last decade

l \ / I in the structural and functional imaging of the

brain in epilepsy. The correlation of structure

with function is essential in the understanding of the

epilepsies and epileptic seizures, which may have a struc-
tural basis.

The superiority of magnetic resonance imaging (MRI)
over X-ray computed tomography (CT) scanning in terms
of sensitivity and specificity for identifying the cause of
epilepsy in both adults and children is firmly established.
The most common abnormalities identified are hip-
pocampal sclerosis (HS), malformations of cortical devel-
opment (MCD), vascular malformations, tumours, and
acquired cortical damage. X-ray CT, however, may be pre-
ferred to MRI if a patient is disturbed or acutely unwell, as
the patient is more accessible during the procedure. An X-
ray CT scan is also valuable for the investigation of possi-
ble acute intracranial haematomas and skull fractures,
and if there is a contra-indication to MRI such as a cardiac
pacemaker or cochlear implants. CT is also useful as a
supplement to MRI for clarification of possible intracra-
nial calcification that is not shown easily by MRI.

Rapid advances are being made in MRI techniques so
that patients who were previously regarded as being ‘MRI
negative’ may have relevant abnormalities, which can be
identified with contemporary optimal imaging.

MRI epilepsy protocol
In the non-acute situation an MRI scan should include
T2-weighted, proton density and fluid attenuated inver-
sion recovery (FLAIR) sequences to cover the whole brain
in at least two orthogonal planes, with the minimum slice
thickness possible. There should also be a T1-weighted
volume acquisition with a partition size of 1.5mm or less,
to allow reformatting in any orientation and three-dimen-
sional reconstruction of the data set. The FLAIR sequence
produces images in which parenchymal lesions have high
signal and CSF gives low signal (Figure 1). This may help
in the differential diagnosis of areas of high signal on T2-
weighted images and increase the conspicuity of lesions.
In the first two years of life, incomplete myelination
results in poor grey-white matter contrast, making identi-
fication of cortical abnormalities difficult, and in these
cases MRI may need to be repeated after 1-2 years.

The best practice is to obtain MRI in all patients with
epilepsy, with the exception of those with a definite diag-

Figure 1: Coronal FLAIR sequence showing focal cortical dysplasia in
right lateral inferior frontal gyrus, previous MRI had been
unremarkable.

nosis of idiopathic generalised epilepsy or benign rolandic

epilepsy of childhood with centrotemporal spikes, who go

into early remission. MRI is particularly indicated in

patients with one or more of the following:

+  Onset of partial seizures, at any age

+  Onset of generalised or unclassified seizures in the first
year of life, or in adulthood

+ Evidence of a fixed deficit on neurological or neu-
ropsychological examination

+ Difficulty obtaining seizure control with first-line
antiepileptic drugs (AEDs)

+ Loss of seizure control, or a change in the pattern of
seizures.

In situations in which access to MRI is limited, essential

indications for MRI are:

+ Patients with partial or secondarily generalised
seizures, and apparently generalised seizures, that are
not controlled with AEDs

+ Patients who develop progressive neurological or neu-
ropsychological deficits.

A recent survey in the UK shows that optimal practice is
not applied universally, and the quality of MRI scans
obtained in community hospitals was significantly less
than those obtained at an epilepsy centre.'

Presurgical candidates

Patients who are being considered for surgical treatment
merit the most sophisticated MR imaging that is available
and may also benefit from functional imaging with
positron emission tomography (PET) and single photon
emission computed tomography (SPECT). Identification
of a structural lesion, however, does not always indicate
the site of seizure origin. Clinical, EEG and other data all
need to be considered.

A typical presurgical MRI protocol would be:

+ Volume acquisition T1-weighted data set that is
acquired in an oblique coronal orientation, orthogonal
to the long axis of the hippocampi, and covers the
whole brain in 0.9mm partitions. This sequence pro-
duces approximately cubic voxels, allowing for refor-
matting in any orientation, subsequent measurement
of hippocampal morphology and volumes, and for
three-dimensional reconstruction and surface render-
ing of the brain;

+ Oblique coronal spin-echo sequence, with proton den-
sity (TE = 30), heavily T2-weighted (TE = 90 or 120)
and FLAIR acquisitions that are orientated perpendi-
cular to the long axis of the hippocampus, to demon-
strate any increase in T2-weighted signal intensity.

Structural cerebral abnormalities underlying
epilepsy identified with MRI

Hippocampal sclerosis

Hippocampal sclerosis (HS) is the single most common
pathology underlying refractory partial seizure disorders,
and is amenable to surgical treatment. The hippocampus
is best visualised orthogonal to its long axis. This plane is
parallel to the anterior border of the brainstem.

The MRI features of HS are hippocampal atrophy, best
demonstrated with coronal T1-weighted images, and
increased signal intensity within the hippocampus on T2-
weighted images, decreased T1-weighted signal intensity
and disruption of the internal structure of the hippocam-
pus. Atrophy of temporal lobe white matter and cortex,
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