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Early detection of abnormalities in partial epilepsy
using magnetic resonance
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Abstract
The incidence of brain abnormalities deter-
mined by magnetic resonance in 30 con-
secutive children presenting with intractable
complex partial seizures is reported. Images
were optimised to visualise the hippocampus
and cortical grey matter. Abnormalities of the
hippocampus or temporal lobe were seen in all
19 children with clinical features of temporal
lobe epilepsy and in six of the seven children
with clinically unlocalised epilepsy. By con-

trast, in the four children with a clinical diagno-
sis of extratemporal epilepsy, no temporal
or hippocampal abnormalities were seen.

Generalised cortical abnormalities ofuncertain
significance were found in a total of 14 children
from ali groups. The identification of focal
brain abnormalities using optimised magnetic
resonance imaging enables early non-invasive
assessment of children with intractable seizure
disorders and the identification of patients for
whom epilepsy surgery may be appropriate.
It may also lead to a better understanding of
the structural basis of intractable epilepsy,
and thereby contribute to early treatment
decisions.
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Epilepsy in childhood is associated with signifi-
cant cognitive and psychosocial morbidity.
Although the majority respond favourably to
anticonvulsant medication, up to 25% are

intractable.' 2 If strict clinical and neurophysio-
logical criteria are used to exclude benign syn-

dromes, partial epilepsies may be intractable in
80-90% of patients.3'4 Early surgery may

improve the outcome in these patients, particu-
larly those with temporal lobe epilepsy.5

In adults with intractable temporal lobe
epilepsy, surgical temporal lobe specimens show
hippocampal sclerosis in 50-65% of cases,

foreign tissue lesions in 24%, and cortical dys-
plasia in 4-6% of cases.i The finding of such
pathology in surgical specimens correlates with
good postsurgical seizure control,"' and
magnetic resonance imaging (MRI) can be
expected to detect these lesions preoperatively
when optimised to show abnormalities of the
hippocampus and cortical grey matter.'2"'4

Epilepsy surgery is performed less commonly
in children, due both to a reluctance to use

invasive seizure localisation procedures, and to
the uncertainty of prognosis when no clear lesion
is present. The prevalence of hippocampal and
other structural abnormalities is therefore not as

well established in childhood epilepsy. MRI now

provides a means for the non-invasive detection

of brain abnormalities that may underly the
seizure disorder. A relationship between the
presence of hippocampal sclerosis in adult and
prolonged early childhood febrile convulsions
has also been suggested,'5 and the use of MRI in
children offers a non-invasive means ofexploring
this in more detail.

This study examines the incidence of cerebral
abnormalities using optimised MRI in children
with complex partial seizures, and relates these
to clinical and electroencephalographic localisa-
tion and the antecedent history of seizures. We
regard this as an important step toward under-
standing the pathological basis of intractable
epilepsy and its coexisting cognitive and behav-
ioural deficits.

Subjects and methods
Thirty consecutive children, age range 0 9-15 5
years, presenting during a 12 month period to a
tertiary referral centre for advice on management
of complex partial seizures, underwent MRI
examination as part of their investigation. The
medical records were reviewed; the develop-
mental history and a detailed account of seizures
were extracted. Based on this retrospective sum-
mary, a clinical diagnosis of seizure localisation
and lateralisation was made independently by
two paediatric neurologists blind to the findings
on MRI. Consensus diagnosis was reached in all
cases. All children in the present study were
considered to have evidence of complex partial
seizures at the time of assessment based on
evidence of a focal onset progressing to impair-
ment of consciousness, a distinct independent
aura, a prolonged prodromal phase leading into
the seizure, or focal features in the postictal
period.

Both clinicians were asked to classify seizures
as temporal, extratemporal, or of undetermined
localisation. Temporal localisation was accepted
if there was any one of the following: oroalimen-
tary automatisms, stereotyped complex auto-
matisms with postictal confusion, psychic aura
such as fear or deji vu, an aura of a formed
auditory hallucination, a distinct epigastric aura,
speech impairment before or immediately after
the seizure, or non-specific aura or automatisms
followed by confusion postictally. If there were
features at the onset such as focal motor or
sensory phenomena or rapid onset and cessation
of the seizure, an extratemporal localisation was
diagnosed. Seizures were considered as unlocal-
ised if the prodrome could not be clearly defined
or if consciousness was impaired at the start and
the seizure had no specific localising features.
Lateralisation of the seizure was considered
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Table I MRIfindings related to clinical diagnosis

No (%)
Diagnosis subjects

Temporal lobe epilepsy (n= 19)
Temporal foreign tissue lesion 3 (16)
Hippocampal abnormality 11 (58)
Hippocampal abnormality alone (3)
With temporal neocortical abnormality (3)
With widespread abnormality +/- temporal

neocortical abnormality (5)
Temporal neocortex abnormality 5 (26)

Unlocalised epilepsy (n= 7)
Hippocampal abnormality 5 (71)

Hippocampal abnormality alone (1)
With temporal neocortical abnormality (2)
With widespread abnormality +/- temporal

neocortical abnormality (2)
Temporal neocortex abnormality 1(14)
Generalised cortical abnormality alone 1(14)

Extratemporal epilepsy (n=4)
Focal cortical abnormality 1 (25)
Cerebellar atrophy 1 (25)
Widespread cortical changes 2 (50)

separately, and was based on any suggestion of
lateralised motor phenomena or speech disturb-
ance before or immediately after the seizure.

All electroencephalography (EEG) was
recorded with Grass 8 or 12 channel EEG
machines using previously described tech-
niques.'6 In 29 patients, conventional surface
EEG had been performed within six months of
MRI, and were reviewed independently by two
clinical neurophysiologists. Lateralisation and
localisation of slow waves or epileptiform spikes
or sharp waves was noted. Discharges were
considered to be multifocal when seen indepen-
dently in more than one region and generalised
when seen in a widespread distribution. Similar
details were noted in ictal recordings.

All children underwent magnetic resonance
imaging using a 1 5 Tesla Siemens system with a
25 cm circularly polarised head coil used as both
transmitter and receiver. Children were sedated
before scanning in accordance with a standard
protocol. 17 In order to visualise the mesial
temporal structures optimally, inversion
recovery images were obtained in planes parallel
with and orthogonal to the long axis of the
hippocampus. In both the tilted axial and tilted
coronal planes, 10 slices of 5 mm were obtained
with TR 2500 ms, TI 300 ms, TE 26 ms, and a
slice gap of 2 5 mm. An asymmetric field of view
was used with a matrix of 256x 135 to reduce the
imaging time to 7 9 minutes per sequence. In
addition, images covering the whole brain were
acquired using a double echo short tau inversion
recovery sequence (TR 4000 ms, TI 145 ms, TE
23, and 85 ms, slice thickness 5 mm, slice gap
2-5 mm).

Images were reviewed blind to all clinical and
electrophysiological data. The criteria used for
the diagnosis of hippocampal abnormality were
unilateral hippocampal atrophy, loss of internal
structure, decreased signal on inversion recovery
images, and increased signal on T2 weighted
images. 12 18 If there was evidence of both a
morphological abnormality and signal abnor-
mality of the hippocampus, hippocampal
sclerosis was diagnosed. Generalised cortical
abnormalities included double cortex, thickened
or irregular cortex, abnormalities of gyral
pattern, significant atrophy, or signal abnor-
malities.'3'920 Abnormality of the temporal

neocortex was diagnosed if there was significant
atrophy, abnormal signal characteristics or
significantly thickened grey matter with loss of
definition of the grey-white matter junction.
Foreign tissue lesion included any mass lesion
such as a hamartoma, glioma, or dysembryo-
plastic neuroepithelial tumour.

Results
Of the 30 children, 16 had complex partial
seizures alone (five of whom had episodes of

A

B

Figure I (A) Tilted coronal inversion recovery (TE 26 ms,
TI 300 ms, TR 3500 ms) showing the symmetry ofthe
hippocampt in a normal child. (B) Tilted coronal inversion
recovery (TE 26 ms, TI 300 ms, TR 3500 ms) showing left
hippocampal sclerosis (arrow) in a 12 year old girl who had a
febrile seizure with right Todd's paresis at 14 months ofage.
Her habitual temporal lobe seizures began at age seven. The
left hippocampus (arrow) is smaller than the right, with loss of
defined internal structure, and TI weighted signal
hypointensity. (C) Tilted coronal T2 weighted DE-STIR
image (TE 85 ms, TI 145 ms, TR 4000 ms) showing increased
T2 weighted signal intensity in the left hippocampus (arrow).
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Figure 2 Tilted coronal inversion recovery (TE 26ms, TI
300 ins, TR 3500 mns) ofthe temporal lobe ofan 1I year old
girl with intractable temporal lobe seizures. There is a lesion
with TI weighted signal hypointensity in the left temporal lobe
(arrow). Histopathology after temporal lobectomy showed a
grade II astrocytoma.

secondary generalisation) and 14 had complex
partial seizures as part of a multiple seizure
disorder. A clinical diagnosis of a temporal lobe
focus was made in 19 of the total group of 30. In
seven children there were no definite localising
features. In four, the clinical history suggested
an extratemporal origin. In 11 of the total 30
children clinical lateralisation of the seizure
focus was suggested.
The results of MRI are shown in table 1.

Hippocampal, temporal lobe abnormalities, or
both were present in all 19 children with a
clinical diagnosis of temporal lobe epilepsy.
There were 14 unilateral and five bilateral
lesions. Of the 14 with unilateral MRI abnor-
mality, six had hippocampal sclerosis (fig 1), four
had other temporal lobe abnormalities, one had
both temporal neocortical and hippocampal
abnormalities, and three had a foreign tissue
lesion (fig 2). Surgery was subsequently per-
formed in two children and confirmed the radio-
logical diagnosis of hippocampal sclerosis in one
and astrocytoma in the other.

Seven children had complex partial seizures
without localising features. Of these, five had
a hippocampal abnormality, one had atrophy
of the right temporal lobe, and one had
widespread cortical change with no apparent

A

Figure 3 Tilted axial inversion recovery (TE 26 ms, TI 300 ms, TR 3500 ms) ofa normal
child (A) and ofa child with intractable frontal lobe seizures (B). There is a generalised
abnormality ofthe cortical gyral pattern in the child with epilepsy.

focal pathology. Of the five patients with hippo-
campal abnormality, two had unilateral
hippocampal sclerosis, two showed bilateral hip-
pocampal abnormality, and the other showed
progression from unilateral to bilateral hippo-
campal abnormality over six months.
No focal temporal lobe abnormality was seen

in any of the four children with a clinical
diagnosis of extratemporal epilepsy. Two child-
ren with clinical features suggestive of frontal
lobe epilepsy had widespread cortical change
with abnormal cortical thickness, sulcal pattern
or both (fig 3). One child with focal motor
seizures had MRI findings suggesting a neuronal
migration defect of the corresponding parietal
cortex (fig 4). One child had no abnormality of
the cerebral hemispheres but showed cerebellar
atrophy; she had been receiving phenytoin since
early infancy.
Of all patients with a clinical diagnosis of

temporal lobe or unlocalised seizures (26 child-
ren), temporal lobe abnormalities were seen in 25
(96%) which included the hippocampus in 16
(62%). Sixteen per cent of children with tem-
poral lobe epilepsy had foreign tissue lesions in
the temporal lobe. Only one patient in the
clinically non-localised group did not have focal
temporal lobe pathology on MRI.

Fourteen children of the total study group
showed widespread cortical abnormalities; in 11
in addition to focal MRI defined pathology and
in three as the only MRI determined abnor-
mality. Widespread cortical abnormality was
most commonly seen in children with complex
partial seizures as part of a multiple seizure
disorder (64%). In children with complex partial
seizures alone this was seen in only 31%.
The interictal EEG recordings in eight of the

29 children showed localised epileptiform
features and there were lateralised changes in a
further three. Ten of the interictal studies (34%
of the 29 patients) were normal, and eight (28%)
showed multifocal or generalised features. In
addition ictal recordings were available in five
children. Two showed localised features, one of
which had also been localised on the interictal
recording, and the remaining three were multi-
focal or generalised. A total of 12 children (41%)
therefore showed lateralised features, including
nine (31%) that were also localised.
Of the 12 children with lateralised features

seen on EEG, seven had an imaging abnormality
on the same side as the EEG lateralisation. One
had a neocortical abnormality in the opposite
temporal lobe. In this child the clinical seizure
pattern suggested temporal localisation without
lateralising features, the interictal EEG was
normal, and the ictal EEG performed after drug
withdrawal showed only sharp waves in the
temporal lobe contralateral to the imaging abnor-
mality. Six of the nine children whose EEG
studies were normal, and three of the eight with
multifocal abnormalities had a localised struc-
tural lesion on MRI. Therefore, only 31% had a
lateralising and localising abnormality on EEG
compared with 62% (that is 18 of the 29 who
underwent EEG) who had a focal structural
abnormality on MRI.

Because complex partial seizures are com-
monly seen in children as part of a multiple
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Figure 4 Tilted axial inversion recovery image (TE 26 ms,
TI 300 ms, TR 3500 ms) ofan 18 month old child who
presented with leftfocal motor status epilepticus. There is
thickness ofthe grey mater and poorgrey-white matter
differentiation in the parietal region ofthe cortex in the right
hemisphere suggesting an area ofcortical dysplasia (arrowed).

seizure disorder, the 14 children in this series
who fell into this category were considered
separately. The EEG was normal in six of these,
showed focal abnormalities in three, and multi-
focal abnormalities in five. The MRI showed
isolated focal lesions in four of these children
(one had a consistent focal abnormality on EEG
and three had normal EEG). The remaining 10
children had either widespread MRI abnormali-
ties, bilateral abnormalities or both, although
four also had unilateral focal abnormalities.
Thus eight of this group of 14 children (57%) had
a focal MRI abnormality compared with three
(21%) who had focal EEG. For comparison, in
the children with complex partial seizures alone,
67% (10 of 15) had a focal MRI abnormality and
33% (5 of 15) a focal abnormality on EEG.
Ofthe total 30 children, 14 had earlier seizures

which were distinct from the later complex
partial seizures (table 2). Three had prolonged
febrile seizures lasting 30 minutes or more. Two
had prolonged seizures not associated with fever
in addition to short febrile seizures, and two had
a short febrile seizure only. Seven further child-
ren had isolated non-febrile status epilepticus
including one with a history of infantile spasms.
In total, therefore, 12 children had suffered
prolonged early seizures, and two a brief early
febrile seizure.

Table 2 shows the location of the MRI deter-
mined abnormality as a function of a history of

early seizures. Of the 16 with a hippocampal
abnormality, 12 had suffered previous early
seizures, including at least one episode of status
epilepticus in 10. Of the 16 children without a

history of febrile and/or prolonged seizures there
were only four children who had a hippocampal
abnormality, and in none of these was it present
without associated temporal abnormality.

Discussion
MRI can now define subtle abnormalities of the
hippocampus and cortical grey matter.'520 This
study reviews the cerebral magnetic resonance

images of 30 consecutive children aged 0-9-15-5
years who presented to a tertiary referral centre
with intractable complex partial seizures. The
children included in this study were referred for
the management of epilepsy which was difficult
to control, not having responded to initial anti-
convulsant treatment. Although at the time of
study they were not necessarily under con-

sideration for epilepsy surgery, two have since
been operated upon and a surgical option is being
evaluated in others as a result of the study
findings. In this selected group of patients, many
of whom are at the severe end of the clinical
spectrum, all had identifiable MRI abnormali-
ties. In 29 this abnormality was cerebral and in
one it was cerebellar. This high rate of abnor-
mality suggests that optimised MRI detects
cortical and hippocampal grey matter lesions as

well as foreign tissue lesions with a high degree of
sensitivity. In a surgical temporal lobectomy
series, which may reflect a more highly selected
but similarly severe group of patients (in that
there has been a poor response to medical
treatment), a high rate of pathologically deter-
mined lesions was also found.12 21

Conventional EEG provided helpful informa-
tion on lateralisation in 41%. Specific localisation
was made on the basis of the EEG in 31%. This
compares with the MRI identification of a focal
imaging abnormality in 62%. The increased
sensitivity of MRI over EEG was found in
children with complex partial seizures alone
(33% had localised EEG; 67% had a focal MRI
abnormality) and those with complex partial
seizures as part of a multiple seizure disorder
(21% had localised EEG; 57% a focal imaging
abnormality). The low percentage of clear
lateralisation and localisation on interictal and
even ictal EEG in children is consistent with
previous findings.2223 Ictal recordings involve
prolonged monitoring that can be difficult in
children and presurgical evaluation may require
invasive depth electrode recordings which are

also more difficult in children than adults. This

Table 2 Location ofMRI deternined abnormality as afunction ofearly childhood setzures

Hippocampal+
Hippocampal temporal neocortical Temporal neocortical Extratemporal

No ofsubjects abnornality abnormality abnormality abnormality

Early childhood seizures 14 5 7 2 0
Short febrile convulsion 2 0 2 0 0
Febrile status 3 0 2 1 0
Short febrile convulsion+

non-febrile status 2 2 0 0 0
Non-febrile status 7 3 3 1 0

No early childhood seizures 16 0 4 7 5

107

 on M
ay 15, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.69.1.104 on 1 July 1993. D

ow
nloaded from

 

http://adc.bmj.com/


Cross,Jackson, Neville, Connelly, Kirkham, Boyd, Pitt, Gadian

difficulty in localisation techniques has been a
limiting step in the assessment of children for
epilepsy surgery. MRI now provides a means of
identifying focal brain abnormalities not pre-
viously detectable by non-invasive means, and if
the relationship between these structural abnor-
malities and ictal events can be established it
offers a new approach to epilepsy surgery in
children.
There is a strong correlation between the

clinical localisation of temporal and extratem-
poral origin and the site of abnormality as
revealed by MRI. All those with clinical tem-
poral localisation and all but one of those without
localising features had a temporal lobe abnor-
mality on MRI. Only four children had extra-
temporal seizures. None of these children had
abnormalities ofthe temporal lobe as determined
by blinded MRI reporting.
Hippocampal abnormality was found in 16 of

the total 30 children. This represents 62% if the
four with clinical extratemporal epilepsy are
excluded in order to provide a comparison to the
frequency of hippocampal sclerosis found in
surgical temporal lobectomy cases in adults.
This percentage of hippocampal abnormality is
similar to that found in adult surgical series.6 The
presence of this high rate of MRI determined
hippocampal abnormality indicates that this
pathology is present early in the natural history
of many who suffer temporal lobe epilepsy. The
MRI finding of hippocampal sclerosis was
present as early as 4 years of age in this series,
which provides strong evidence that hippo-
campal sclerosis may be present from a very
young age. The ability ofMRI to detect lesions of
the hippocampus at this early age means that
such children have an identifiable structural
abnormality which may allow early surgical
treatment where appropriate, and also provides a
means whereby the natural history of this lesion
may be studied.
The identification of hippocampal sclerosis in

these patients raises the question of how often it
may be an incidental lesion, and how often it
occurs secondary to seizures originating at
another site. The relationship of these lesions,
when found in young children, to the ictal focus
has yet to be determined but in adults a strong
association between the presence of a lesion, the
site ofthe epileptogenic focus, and outcome after
removal of the lesion has been shown."2425
Similar findings in children would have clear
implications for the non-invasive preoperative
assessment of children with focal epilepsy. The
findings of this study provide the basis for future
studies using MRI which can address these
issues, and which can help to determine the
relationship between early hippocampal damage
and subsequent temporal lobe epilepsy.
A relationship between hippocampal sclero-

sis and early status epilepticus has been
reported'5 2627 and is also found in this series. The
basis of this relationship is disputed, but it is
clear from the current study that optimised MRI
can contribute to investigation of this issue. Our
findings, while supporting this association, can-
not address the question of whether prolonged
childhood seizures are caused by a pre-existing
hippocampal abnormality, or whether hippo-

campal sclerosis is the consequence of prolonged
seizures. Progressive hippocampal abnormalities
over a six month period were apparent in one
child in the current series.

In 47% of our study group there was evidence
of widespread cortical abnormalities. These
abnormalities are often difficult to define pre-
cisely, and are of uncertain significance because
ofthe difficulty in obtaining pathological correla-
tion in these cases, but it is likely that they
represent developmental abnormalities, neuro-
nal migration abnormalities or diffuse cortical
injury. In 11 cases (37%) these abnormalities
were present in addition to a more clearly defined
focal lesion. It will be important to follow up
these children to establish the prognostic
significance of the widespread abnormalities,
particularly their relevance to the problems of
localisation by EEG and the sometimes poor
results of surgical treatment.2425

This study relates the clinical features and
antecedent history of seizures to the MRI find-
ings. While pathological confirmation is only
available in a few cases, the strong relationship
between temporal lobe epilepsy and the finding
of temporal or hippocampal abnormalities and
the absence of these abnormalities in suspected
extratemporal epilepsy, shows that intractable
partial epilepsy is associated with specific struc-
tural lesions. The study provides evidence for
the relationship between early status epilepticus
and hippocampal sclerosis which has been sug-
gested from earlier surgical series.27 MRI pro-
vides an approach which can begin to separate
the causes and the effects of seizures. It is hoped
that this information will also allow appropriate
early surgical intervention to alleviate the high
psychiatric, social, and cognitive morbidity of
severe uncontrolled epilepsy in childhood.

We thank Professor Jean Aicardi for helpful comments on earlier
versions of the manuscript.
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