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'Most diagnostic investigations are open to
abuse, but none more so than the EEG'.
(Binnie 1994.1)
'There is considerable debate in the literature
about whether all patients with seizures require
CT scans.' (Holmes 1989.2)

This paper discusses the choice of appro-
priate investigations for children with seizures
and takes the form of a series of questions for
which answers are suggested. The word seizure
is used rather than fit and the term febrile
convulsion rather than febrile seizure. Epilepsy is
defined as recurrent (more than one) afebrile
seizures.

General considerations
WHAT TYPES OF SEIZURE OCCUR IN
CHILDHOOD AND WHY DOES IT MATTER?
When considering a general approach to
children with seizures it helps to know the fre-
quency of seizure types in the population. The
table shows some of the findings of the Child
Health and Education Study, which followed
up a national cohort of children for the first 10
years of life.3 4 Some of the important observa-
tions were as follows: febrile convulsions were
relatively common - they affected 2/7% of
children. The majority were simple febrile

convulsions, but 22% were complex (that is
longer than 15 minutes' duration, focal or
multiple during one episode of fever). Afebrile
seizures were much less common - about 0-4%
of children in the study had epilepsy. The
commonest afebrile seizure type was tonic-
clonic, but complex partial seizures were the
next and classical childhood absence seizures
('petit mal') were the least common of all (just
one child in the cohort).
The cause of seizures and the prognosis

varies with the seizure type. When considering
appropriate investigations for the individual
child it makes sense to consider which seizure
types occur most commonly - children with
'blank spells' are more likely to be having com-
plex partial seizures or atypical absences than
true 'petit mal' (see the table).

WHEN SHOULD INVESTIGATIONS BE
PERFORMED?
Not too soon. The most important step is to
obtain a good history. The parents may be able
to record attacks at home using their own
video.5 The diagnosis of epilepsy is clinical and
should not be made without 'incontrovertible
clinical evidence'.6 Such evidence is usually
provided by the patient's description and by
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observation, not by investigation. TI
should have decided whether or n
have occurred and should have i
opinion about the probable seizure t
organising confirmatory investigatio

WHAT ARE THE PRACTICAL CONSIDER
WHEN CHOOSING INVESTIGATIONS?
(A) EEG
This is the basic tool for the inves
children with seizures. However,
exception of absence seizures, it
record a seizure during a routin
encephalogram (EEG) and a norma
does not exclude the possibility th
are occurring at another time. If t]
recorded and reported by staff expe
paediatric work, one of the streng
standard EEG is that the abnormalit
recognised and the findings are relia
the recording is less controlled t
artefact is greater, and this should b
mind when considering some
prolonged monitoring. One way of
the diagnostic yield, particularly i
with suspected temporal lobe onset
to perform a sleep EEG and there
argument for making this part of
investigation of all patients with
epilepsy. 1

(B) Imaging
Computed tomography exposes the
rays and because of bony interfi
temporal lobes and the contents ofth
fossa are not well visualised. This is r

lem with magnetic resonance imagi
In Aicardi's opinion MRI is far s
computed tomography except in th
tion of calcification.7 MRI is not
available as computed tomography
more difficult to obtain MRI scans
children, nevertheless good quality I
can be obtained in the majority c
using sedation rather than general a]

Children with febrile convulsions and afebrile s
first IOyears of life. Findings of the Child Hei
Education Study

All cohort children for whom information
available

Children with febrile convulsions
Total No in cohort
Incidence

Type of febrile convulsion
First attack simple
First attack complex

Children with epilepsy (recurrent afebrile seizure
Total No in cohort
Incidence

Children with one or more afebrile seizures
Total No in cohort
Type of afebrile seizure

Tonic-clonic
Complex partial
Mixed
Infantile spasms
Atypical absence
Absence ('petit mal')
Myoclonic
Simple partial secondarily generalised

*Twenty one children had a single afebrile seizur
10 years, therefore 84-21= 63 had recurrent afe
that is, epilepsy.

ie clinician
ot seizures
formed an
type before
Ins.

tATIONS

;tigation of
with the

is rare to
Le electro-
1 recording
at seizures
he trace is
-rienced in
,ths of the
:ies are well
ible. When
he risk of
)e borne in
types of
improving
n children

Investigation offebrile convulsions
What investigations have been recommended by
other authors?
There has been considerable diversity of
opinion. Rosman recommended after a
(hypothetical) brief initial febrile seizure in a 4
year old boy that there should be waking and
sleep EEGs, that nasopharyngeal and sphe-
noidal leads should be considered to look for
a temporal lobe focus, that a computed tomo-
gram should be performed, and that the child
should be followed with serial EEGs - a very
rigorous approach.8 In 1991 Millichap and
Colliver published the results of a question-
naire survey of the members of the Child
Neurology Society of North America.9 Of
those who responded 45% reported that they
used the EEG to determine the need for
long term anticonvulsant treatment. In con-
trast the members of a working group at the
Royal College of Physicians in London con-
cluded that 'no investigations are routinely
necessary in all children after a febrile
convulsion'.10

seizures, is Why consider an EEG or a scan after a child has
is a good had a febrile convulsion?
the initial The pressure to investigate has been generated
suspected at least partly by concern that febrile convul-

sions may cause brain damage. Much of the
evidence for this has come from studies of
adults with refractory temporal lobe epilepsy
attending specialised clinics. Some of these

child to x adult patients have 'mesial temporal sclerosis'
erence the (gliosis and neuronal cell loss in the region of
ie posterior the hippocampus) which has been demon-
not a prob- strated in resected temporal lobes of patients
ing (MRI). after surgery for epilepsyll and also by using
;uperior to high resolution volumetric MRI.12 A strong
le recogni- relationship between hippocampal sclerosis
as widely and a history of childhood febrile convulsions

r and it is has been demonstrated and it has been
on young suggested that the febrile convulsions cause the
MRI scans sclerosis.11 Kuks et al commented that if child-
f children hood febrile convulsions cause some cases of
naesthesia. hippocampal sclerosis this cannot be the only

mechanism as 64% of their patients with
hippocampal volume loss gave no history of

seizures in the childhood febrile convulsions. 12
alth and It is important to remember the findings of

population based studies when considering
this question. Large cohort studies on both

14676 sides of the Atlantic show that there is an
398 increased risk of epilepsy after febrile convul-
2-7% sions, but for the majority of the children,

311 (78%) those that have simple febrile convulsions, the
-s) 87 (22%/o) increased risk is relatively small. The risk is

63* greater in the minority that have complex
044% febrile convulsions, particularly after those

84* with focal features,3 13 14 but the evidence
42 from the Child Health and Education Study
25 cohort is that prolonged febrile convulsions
9 are rarely followed by epilepsy of the temporal
2 lobe type.3 Indeed the majority of children
1 with febrile convulsions have only one febrile
1 convulsion in their lives.15 This raises the

question: is there ever any indication for
re in the first performing an EEG or a scan in thesebrile seizures,

children?
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Figure 1 MRI scan ofa young child, performed soon after
a prolongedfocal afebrile seizure. There was a history ofa
single previous febrile convulsion, but of no other seizures.
The appearances suggest that this child has mesial temporal
sclerosis on the right (the left side of the scan). A computed
tomogram would probably not have shown this
abnormality.

Does an EEG predict which children with febrile
convulsions will develop epilepsy?
In recent reviews the conclusion has been that
EEGs are not helpful in assessing the progno-
sis of children who have had febrile convul-
sions.1 7 16 17

Is scanning ever indicated in children who have
hadfebrile convulsions?
It could be argued that a scan should be per-
formed after prolonged orfocalfebrile convulsions
because of the concern that these may be
associated with mesial temporal sclerosis (see
above). To detect evidence of temporal lobe
damage an MRI scan would have to be
obtained (see fig 1). Would the scan findings
influence management? There are two pos-
sibilities:

(1) Recommend the use of rectal diazepam
to shorten subsequent febrile convulsions. It
does not seem necessary to perform a scan

before making this decision - it can be made on

the basis of the history. (While it is accepted
practice to provide rectal diazepam for carers
to use during a subsequent febrile convulsion,
it is reassuring that there is evidence3 18 that
febrile convulsions do not become progres-
sively more severe with each attack.)

(2) Prescribe regular anticonvulsants. The
Royal College of Physicians/British Paediatric
Association working group concluded that
'there is no evidence that in the minority
of children who later develop epilepsy the
prophylactic use of anticonvulsant drugs
would have prevented it'.10
The finding of an abnormality on the MRI

scan could help to make a decision about the
need for anticonvulsant treatment after a

child presents with a prolonged or focal
febrile convulsion. In the light of the outcome
data discussed above, the finding of mesial

temporal sclerosis in these circumstances
probably indicates that there is increased risk
of later afebrile seizures. At present, however,
the decision remains difficult because there is
no clear evidence that the early use of prophy-
lactic anticonvulsant treatment reduces the
risk.
A child with a developmental or neurological

problem may first come to medical attention
because of a febrile convulsion, so there will be
occasions when an abnormal history or exami-
nation indicates the need for a scan. This is in
the minority of children with febrile convul-
sions.

Investigation of afebrile seizures
(1) THE FIRST AFEBRILE SEIZURE
EEG - all or none?
'Because EEGs are noninvasive, benign and
relatively inexpensive it is reasonable to obtain
at least one for a patient with a seizure or
suspected seizure'. (Holmes 1988.19)
'There is no justification for recording an EEG
after an initial seizure in adults'. (Hopkins et al
1988.20)
Holmes (see above) advocated EEGs for all.

He recommended that the trace should be
obtained as soon as possible because focal slow-
ing may indicate focal disease.19 I think that it is
better to look for evidence of a focal abnormal-
ity in the history and/or the physical examina-
tion and investigate with a scan if indicated.

Hopkins et al found that an EEG in adults is
of low or negligible value in predicting recur-
rence after an initial seizure.20 It may define
seizure type, but the authors thought that this
was of academic interest only, as most first
seizures are not treated in current practice.
Their conclusion was that there was no justifica-
tion for recording the EEG after an initial
seizure in adults. In contrast Van Donselaar et al
found in adults that epileptic discharges were
associated with an increased risk of recurrence
and concluded that the decision to initiate or
delay treatment should be based on EEG
findings.21 They cited evidence that 'immedi-
ate' treatment of patients with epileptic dis-
charges after the first seizure might prevent
seizure intractability in some patients. The
question is not resolved, which is why the
Medical Research Council 'Multicentre Study
of Early Epilepsy and Single Seizures' is cur-
rently being undertaken in the UK (further
information from Professor Chadwick, Walton
Hospital, Liverpool).

In my experience parents are not keen to
give their children anticonvulsants. It is
unlikely to become accepted clinical practice to
prescribe these drugs after the first seizure until
there is evidence that it improves outcome. I
therefore agree with Hopkins et al 20 that there
is little practical value in recording an EEG
after an initial seizure.

What are the indications for a scan after the first
afebrile seizure?
Holmes recommended that all patients
presenting with a first seizure should have a
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Figure 2 EEG ofa child who presented in the first year of life with infantile spasms
(recorded while awake). The pattern is that of hypsarrhythmia - high voltage slow waves,
irregularly mixed with spikes and sharp waves that occur randomly. A periodic pattern is
often observed. Hypsarrhythmia is the pattern that is typically seen in children with
infantile spasms but even this well known association is notfound in all cases.

computed tomogram (except for those with
absence seizures or rolandic epilepsy who have
normal results on neurological examination).19
However, in his review he quoted four studies
of computed tomography in children with
seizures which indicated that the computed
tomography findings do not usually alter the
clinical management.

Studies in adults have indicated that a scan
is not indicated in all cases. Russo and
Goldstein (on the basis of small numbers) con-
cluded that computed tomography was not
essential after a single seizure in adults aged 16
to 30 who have a normal neurological exami-
nation.22 Hopkins et al, partly on the basis of
their research, adopted the practice of scan-
ning an adult after a first seizure if the clinical
onset of the seizure was clearly partial, or if
there were focal neurological signs that were
not clearly accounted for by known pre-exist-
ing neurological damage, such as cerebral palsy
or embolus.20 Although based on studies in
adults, these seem reasonable guidelines for
the management of children after first afebrile
seizures.

(2) RECURRENT AFEBRILE SEIZURES (EPILEPSY)
The EEG - can it answer the following questions?
It is really epilepsy? - Binnie's view is that the
EEG is overused as an aid to the diagnosis of
epilepsy, which in general it can only support
and rarely exclude.1 Goodin and Aminoff
found that the presence of epileptiform
features on the interictal EEG gave strong

support when the diagnosis was clinically
suspected,23 but that a normal record could
not exclude the diagnosis. A single waking
EEG demonstrates epileptiform activity in
about 50% of adults with epilepsy (it is difficult
to find these data for children). However, a
sleep recording immediately provides a yield of
about 80% and should be considered as part of
the initial EEG investigation of all patients
with suspected epilepsy.1

Prolonged monitoring may help by recording
the EEG during an attack (see reviews by
Binnie,l Holmes,2 Stores,24 and Mizrahi25).
Telemetry allows the EEG to be monitored in
hospital while behaviour is monitored by
video recording. Split screen recording allows
the EEG trace to be compared with the simul-
taneous video. The alternative is ambulatory
monitoring of the EEG using a portable cas-
sette recorder which frees the child to leave
hospital, but behavioural documentation is
then less reliable. Ambulatory monitoring is
not as good as telemetry in detecting
minor seizures, locating the site of onset of
seizures, or deciding whether subtle events
are epileptic.1 It is, however, preferred for
investigating a known EEG abnormality, for
example the frequency of absence seizures in
class.
Holmes suggested that these were the

indications for prolonged monitoring2:
* When seizures are suspected and routine

EEGs have been normal or equivocal
* In patients with suspected pseudoseizures
* Where an exact seizure count is needed
* In candidates for epilepsy surgery
Prolonged monitoring is not a substitute for

careful clinical assessment. It should be used to
answer a defined clinical question. There may
be particular difficulties when it is used to
investigate episodic abnormal behaviour
because of the practical problems of obtaining
a reliable recording and also because some
types of seizure do not produce ictal EEG
changes. 1

What type ofseizure or seizure syndrome is it? -
(1) The EEG becomes most useful when it is
used for the classification of seizures.1 It can
distinguish between generalised seizures, which
apparently arise simultaneously in both hemi-
spheres, and partial seizures, in which seizure
onset is confined to a discrete region of cortex.
The EEG is especially important in two clinical
settings:

(A) In distinguishing between typical absence
seizures (often associated with generalised
spike-wave activity) and complex partial seizures
(where there may be focal spike activity).

(B) In patients with tonic-clonic seizures
without an aura it may differentiate between
primary generalised seizures and those with a
focal onset. It is when looking for a focal onset
to seizures, particularly from the temporal
lobe, that sleep EEGs may be particularly
useful in childhood.

(2) By putting the particular seizure type in
the context of the clinical setting it is possible
to look for features of a particular seizure
syndrome. For instance the EEG is essential for
the evaluation of children with West's
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syndrome (see fig 2), the Lennox-Gastaut
syndrome, childhood absence epilepsy, benign
partial epilepsy with rolandic spikes, and
juvenile myoclonic epilepsy.
Can the EEG help the management ofproblems

with learning and behaviour in children with
epilepsy? - Binnie et al have reported that sub-
clinical discharges may be associated with dis-
ruption of learning26 and Stores has discussed
the possible direct effects of seizure discharges
on learning and behaviour.27 Comprehensive
monitoring techniques can be used to quantify
EEG epileptiform activity and thus can objec-
tively assess the efficacy of anticonvulsants.25 It
is not yet being suggested that we 'treat the
EEG', but this technology might be useful for
some children in the future.

Place ofscanning in the investigation of epilepsy
When are scans indicated? Bachman et al studied
98 children with chronic seizure disorders who
were referred by their physicians for computed
tomography (they were thus a group with rela-
tively severe seizures).28 All of them had a
computed tomogram with contrast. Structural
abnormalities were found in 30% of the
children. The most common abnormality was
either focal or generalised atrophy. The only
abnormalities which were potentially of
therapeutic significance were two suspected
tumours.

Holmes19 reviewed the study of Bachman
et a128 and three other studies of computed
tomography in children with epilepsy. The fre-
quency of an abnormality on the computed
tomogram ranged from 30% to 40%/o (average
38%). Abnormalities on the scan were more
frequent in patients with partial seizures, abnor-
mal neurological findings, focal paroxysmal
discharges, or slowing on the EEG. However,
these findings usually did not alter clinical
management. Aicardi stated that computed
tomograms were unlikely to reveal a focal
lesion, let alone a tumour, in patients with
primary generalised epilepsies.7 Chadwick
thought that it might be best to scan patients
whose epilepsy is unresponsive to drug treat-
ment rather than all patients at presentation.6

I suggest the following guidelines, which are
partly based on those jointly agreed by the
British Paediatric Neurology Association and
the Radiology Specialty Group of the British
Paediatric Association, but which are my
personal recommendations:

(1) Not every child with epilepsy needs a
brain scan.

(2) A focal discharge (spike, sharp, or slow
wave) on an EEG is not in itself an indication
to perform a brain scan.

(3) Some children with epilepsy are more
likely than others to have an underlying struc-
tural abnormality of the brain. In the following
groups a scan seems to be indicated:

(a) Those who present with seizures in
the first year of life.
(b) Those in whom the history or physical
examination suggests that there is an
abnormality of the central nervous system
(in addition to the tendency to have

seizures), for example those with partial
seizures, a neurological deficit or a neuro-
cutaneous syndrome.
(c) Those with evidence of development
delay or regression.
(d) Those with seizures that are refractory
to treatment.

These guidelines are not absolute - for
instance it can be seen from the table that a large
proportion of children have complex partial
seizures. It is not my practice to perform a scan
on all children with complex partial seizures
unless there are abnormal neurological signs or
the seizures are refractory to treatment. Other
clinicians are likely to have a different approach.

What is the best type of scan? There seems no
doubt that MRI is better than computed
tomography for the investigation of children
with epilepsy.7 MRI is particularly indicated
when imaging small tumours in the temporal
lobe or close to bony structures.7 29 30 MRI
may have problems - differentiation of
tumours from inflammatory or dysplastic
lesions may be difficult.7 When evaluating
children for surgery, newer methods of
scanning may improve the diagnostic yield -
functional scanning with position emission
tomography (PET) and single photon emission
tomography (SPECT) is now being used.29-33
In patients with refractory temporal lobe
epilepsy these new techniques have been very
sensitive in detecting the region of metabolic
dysfunction corresponding to the EEG
focus.29 30 Functional imaging has also identi-
fied metabolic disturbances associated with
microscopic abnormalities of the brain where it
had been thought that surgical treatment
would not be possible. For instance Sankar
and Chugani reported on the use of PET to
detect 'nociferous' cortex in children with
partial epilepsy starting in the neonatal or early
infantile period and also in children with
'cryptogenic' infantile spasms.33 In both these
groups resection of the abnormal tissue led
to clinical improvement in seizure control
and improved developmental progress.31-33
Functional imaging has also been used to study
children with the Sturge-Weber syndrome,
the Lennox-Gastaut syndrome3'-33 and the
Landau-Kleffner syndrome.34

Final advice - a personal view
* What do the 'attacks' feel like and look like?
Get the history first.
* Make a diagnosis and then consider tests -
they are not always needed.
* Most febrile convulsions do not require
investigation with EEG or scan.
* Investigations are rarely required after the
first afebrile seizure.
* When epilepsy needs treatment use the EEG
to identify the seizure type (and syndrome).
'Blank spells' are more likely to be atypical
absences or complex partial seizures than 'petit
mal'. The EEG may be normal in children
with temporal lobe seizures: try a sleep EEG
next.
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* Prolonged EEG monitoring can be helpful
in selected cases, but do not underestimate the
value of the 'standard' EEG, particularly if a
sleep study is performed.
* Not every child with epilepsy needs a brain
scan. Consider a scan if the clinical findings
suggest an underlying cause or seizures are
refractory.
* MRI is usually better than computed
tomography for investigating children with
epilepsy.
Many thanks to Dr NM Antoun, consultant neuroradiologist,
and to Dr SJ Boniface, consultant neurophysiologist, both of
Addenbrooke's Hospital, for their advice and help with the fig-
ures.
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