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Epilepsy

Anthony Hopkins

Research Unit, Royal College ofPhysicians, 11 St Andrews Place, London NWJ 4LE, UK

Introduction

Epilepsy is just as much with us at the end of John
Walton's professional lifetime as it was at its
beginning. Nevertheless, there have been striking
advances in a number of fields, ofwhich I choose to
review here those which have had, in my view, the
most impact upon our understanding of epilepsy
and upon the quality oflife ofour patients suffering
with epilepsy.

Epidemiology

Most older textbooks of neurology quote the
prevalence of epilepsy in the population at large as
1 in 200 (0.5%). This overall figure has proven to be
correct in a number of large-scale epidemiological
studies since then.'`3 However, this prevalence
figure, considered in isolation, proved to be re-
markably uninformative about the incidence and
natural history of epilepsy.
The landmark study which illuminated more

clearly the true natural history of epilepsy was
published from a number of general practices in
1960.4 From a review of their records, this group of
general practitioners was able to show that the true
cumulative incidence of epilepsy was at least 3.2%.
Subsequently, Hauser and his colleagues under-
took a community survey of epilepsy amongst the
population of Olmstead County in Rochester,
Minnesota.' Figure 1 is reproduced from their
study. For Hauser's and many other epidem-
iological studies, the definition ofepilepsy has been
more than one non-febrile seizure of any type.
Hauser was able to identify accurately a com-
munity population with reported seizures as the
great majority of those living in Olmstead County
seek both their primary and secondary care at the
nearby Mayo Clinic, which has excellent medical
records extending over many years. Another more
recent study based upon general practices in the
United Kingdom, with careful record review, again
showed a documented history of recurrent seizures

of at least 16.7 per thousand of the population.5 It
can be seen from Figure 1 that there is a high
age-specific annual incidence rate in childhood,
and a high age-specific incidence rate in older age,
and a relatively flat plateau of about 0.4 new cases
per thousand between youth and old age. The
overall annual incidence ofnew cases of epilepsy in
this and subsequent studies by Hauser based upon
the same community has been shown to be of the
order of 0.61 per 1,000 per year. If the broad figure
of 0.6 new cases per 1,000 per year is taken as an
average annual incidence rate, it immediately fol-
lows that if a subject lives for 70 years, the
cumulative lifetime risk is of the order of
70 x 0.6 = 42 per 1,000. This is to say, approx-
imately 4% of the population will, at one stage of
their lives, satisfy the criteria of being 'epileptic' -
that is to say having had more than one non-febrile
seizure.
The figures are of considerable interest in under-

lining the fact that epileptic seizures are not some
rare and unusual event that require extensive
investigation, but are so common in the general
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Figure 1 Age-specific incidence rates of epilepsy first
diagnosed at different intervals in Rochester, Minnesota,
1935-1967. (Reproduced with kind permission from
Hauser and Kurland.')Correspondence: A. Hopkins, M.D., F.R.C.P.
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EPILEPSY 523

population, as are febrile convulsions,6 as to be a
part of the life of a significant number of the
population. Hauser's and other studies have shown
that the old overall prevalence figure of 0.5% is
correct. The concept, prevalent when John Walton
was entering neurological practice, that epilepsy
affected only 1 in 200 of the population, failed to
make clear that most people with epilepsy enter
long-term or permanent remissions, as illustrated
in Figure 2 and its legend.7 The perspective of
neurologists of epilepsy was informed by hospital
practice, in which are seen patients with intractable
epilepsy, poorly responsive to anticonvulsant
drugs. The poor prognosis of this group8 misin-
formed neurologists of the much more benign
prognosis of epilepsy in the community.
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Figure 2 Remission of seizures. *-: probability of
completing a period of 5 consecutive years without
seizures. For example, 6 years after diagnosis 42% of
subjects have been seizure-free for 5 years. ---: the
probability of being in remission for at least the past 5
years. The difference between the top and middle curves is
due to relapse after achievement of a 5-year remission.
For example, at 20 years after diagnosis 70% are
currently free from seizures, and have been for 5 years,
and a further 6% have had at least one seizure-free period
of at least 5 years' duration, but have subsequently
relapsed. : the probability of being free of seizures
for at least 5 years whilst not taking anticonvulsant drugs.
In summary, 20 years after diagnosis 50% have been free
from seizures without anticonvulsants for at least 5 years.
A further 20% continue to take anticonvulsant medica-
tion and have also been free of seizures for at least 5 years.
Seizures continue, in spite ofmedication, in 30%. (Repro-
duced with kind permission from Annegers et al.7)

Another important change of perspective has
been on the prognosis after a first seizure. For
many years it has been taught that 'one fit does not
necessarily mean epilepsy'. Those ofJohn Walton's
generation who trained me would indulge in com-
plex circumlocutions when dealing with patients
after a single undoubted tonic-clonic seizure by
trying to explain what was the nature of the fit, it if
was not an epileptic fit. The apparent belief in the
biological difference of single and multiple epileptic
seizures remains in the practice of the Department
ofTransport in the United Kingdom today, which,
by the current Driving Licence Regulations9 is
obliged to inform a patient with epilepsy that he or
she is not eligible to drive until 2 years have elapsed
since the date of the last seizure. However, the
Department of Transport commonly allows a
patient who has had a single seizure to drive after
12 months. In fact a number of studies (for
example, refs 10 and 11) have shown such a high
recurrence rate after a first seizure, most commonly
within the first few weeks, that there is clearly no
real biological difference between one seizure and
more than one seizure (Figure 3). We are now in a
better position to advise patients ofthe likely risk of
recurrence after a first seizure. Important variables
are the interval since the first seizure (Figure 3), the
time ofday at which the seizure occurred, the age of
the subject, and whether or not there is a family
history of febrile convulsions or epilepsy.'0 In
childhood, the presence of spike and wave dis-
charges is also an important prognostic feature.'2
The value of the electroencephalogram (EEG) in
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Figure 3 Probability of remaining free from further
epileptic seizures after an initial seizure in 306 men and
women. * = male, n = 182; 0 = female, n = 124. The
probabilities and 95% confidence intervals at the follow-
ing times: 3, 12 and 24 months. Men 0.83 (0.77-0.88);
0.64 (0.57-0.71); 0.55 (0.47-0.63). Women 0.79
(0.71-0.86); 0.62 (0.53-0.71); 0.54 (0.45-0.64). No
significant difference. (Reproduced with kind permission
from Annegers et al.7)
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524 A. HOPKINS

predicting seizure recurrence after a first seizure in
adult life is controversial.'0"3

Epidemiological and clinic-based studies have
also informed neurologists better about the prog-
nosis of those with established seizures.7'8 It is now
recognized that those with a combination ofpartial
and tonic-clonic seizures, those whose seizures
occur in clusters, those with associated cognitive or
neurological impairment, and those who have
already had seizures for a considerable time have a
particularly poor chance ofachieving a worthwhile
remission of long duration.

Serum anticonvulsant levels

As just mentioned, the duration of epilepsy to date
is a powerful predictor of the probability of
achieving a future long-term remission from sei-
zures. For those patients presenting to a neurolo-
gist who have already had recurrent seizures for a
number of years, the outlook is, unfortunately,
therefore unfavourable. An exception is if prior
treatment has been inadequate. It is still not
uncommon to see patients on clearly insufficient
dosage ofanticonvulsant medication. The choice of
an appropriate anticonvulsant drug and of an
appropriate oral dosage of that drug was revolu-
tionized about 20 years ago by the introduction of
the measurement of serum levels. The ability to
measure serum levels of phenytoin, initially by
gas-liquid chromatography and subsequently by
immunoassay techniques, uncovered not only con-
siderable complexities in the pharmaco-dynamics
of phenytoin metabolism (for review, see ref. 14),
but also established an upper level beyond which
toxic effects such as nystagmus, slurred speech and
ataxia were particularly likely to occur. Measure-
ments also suggested a lower level below which,
although some anticonvulsant activity may be
present, an increase was clearly appropriate. The
increasing availability of the more or less routine
measurement of anticonvulsant drugs has brought
to light a number of problems - notably the
induction of hydroxylating enzymes in the liver by
phenytoin, and the effects of other drugs upon the
serum phenytoin level. It rapidly became clear that
the anticonvulsant action of one drug widely
marketed in the early 1970s - sulthiame - was
largely due to its ability to elevate the serum level of
phenytoin coincidentally prescribed.
The possibility of measuring accurately and

increasing appropriately the oral dose of one drug
soon made it clear that in many cases seizure
control could be achieved by adequate dosage with
one drug (monotherapy). The advantages ofmono-
therapy include increased compliance by the
patient, avoidance of potential interactions with
multiple drugs, and less impairment of cognitive

function. There are, however, theoretical reasons
suggesting that therapy with more than one drug
may sometimes be appropriate.'5
Of the principal anticonvulsant drugs in com-

mon use, measurement of the serum level is appro-
priate for phenytoin and carbamazepine. These
have both been shown to be effective drugs in the
treatment of partial and tonic-clonic seizures.'6
Phenobarbitone, and primidone, which is partly
metabolized to phenobarbitone, can readily be
measured in the serum, but receptor tolerance
means that the serum levels do not necessarily
reflect biological activity. The serum level of
sodium valproate, being bound to tissue organelles,
may not reflect the day to day anticonvulsant
activity of the drug.
Although a number of new drugs have recently

been introduced, or are at an advanced stage of
trial in the management of epilepsy, there has been
no major 'breakthrough' of the type for which
people with epilepsy and their neurologists are
constantly hoping. Vigabatrin'7 has recently been
introduced as it has been shown to be efficacious in
add-on trials of patients with resistant epilepsy.
Vigabatrin is an inhibitor of gamma-aminobutyric
acid (GABA) transaminase. In one trial'8 more
than 50% of those with resistant epilepsy showed a
reduction in seizure frequency of more than 50%.
Gabapentin is a GABA-related amino acid. Al-
though possibly rather less effective than vigabat-
rin, a significant benefit to about 25% of patients
has been shown in one trial.'9 Oxcarbazepine is the
10-keto analogue of carbamazepine. Its 10-hy-
droxy metabolite is responsible for the anticonvul-
sant effect. Placebo-controlled trials show a similar
efficacy to carbamazepine, but with a lower allergic
propensity, and with fewer side effects on the
nervous system.20 Lamotrigine probably exerts its
anti-epileptic effect by inhibiting the release of
excitatory amino-acid neurotransmitters. It is also
an effective supplementary drug in some poorly
controlled epileptic patients.

The investigation ofseizures

This is a third area in which there have been
considerable advances during John Walton's pro-
fessional lifetime. When I trained as a registrar at
Queen Square in the 1960s, it was not uncommon for
patients who reported a single tonic-clonic seizure
to be investigated either by air encephalography or
by arteriography, or sometimes by both. These
activities now seem extraordinary in the light of
more sophisticated epidemiological evidence refer-
red to above, but the perspective of neurologists
then was very much that of neurosurgeons. About
54% of all patients with brain tumours have
seizures at the time of assessment and diagnosis.22
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EPILEPSY 525

However, this figure is meaningless when trans-
lated to the population of people with first seizures
who have a much smaller risk of a brain tumour -
about 4% in one study.'0 Electroencephalography
(EEG) has also come under increasingly critical
review. A brief25 or 30 minute paper recording will
be normal in approximately 50% of patients with
epilepsy, although repeated recordings increase the
proportion of patients with abnormal records.23
The principal, indeed almost the only plank in the
diagnostic platform of epilepsy, is the historical
account given by the patient and bystanders. EEG
certainly has a role in those with multiple seizures,
as, ifan abnormality is found, it may be sufficiently
clear to diagnose accurately a seizure type, thereby
influencing the choice of anticonvulsant medica-
tion. In adult practice, this means distinguishing
between primary generalized epilepsy with typical 3
cycle per second spike and wave activity, and those
who have an inter-ictal spike suggesting the pro-
bability that the seizure has a partial onset. It is
obviously extremely helpful to obtain the record of
a seizure discharge during an overt clinical seizure,
but unless seizures are very frequent, this is seldom
practical. However, EEG monitoring accompanied
by simultaneous video monitoring has had a major
impact in evaluating the origin of the seizure
discharges in those with very frequent seizures who
are candidates for surgery.24 Video and EEG
monitoring has also revolutionized the diagnosis of
simulated seizures (pseudoseizures), which account
for a significant proportion of those with 'epilepsy'
apparently intractable to all types of anticonvul-
sant medication.25
When John Walton began his neurological

career, imaging studies available for epilepsy were
insensitive and invasive. A skull X-ray might have
shown intracranial calcification, for example, in the
case ofa slowly growing oligodendroglioma, or the
classical tram-lines appearance of vascular
calcification in the rare Sturge-Weber syndrome.
As noted above, over-investigation of people with
epilepsy for suspected tumours led to large num-
bers of air encephalograms and carotid arterio-
grams. The introduction of isotope brain scanning
in the early 1960s did reduce these invasive tests
considerably, but it was not until Hounsfield's
invention of cranial computerized tomographic
(CT) scanning that a sensitive and non-invasive
study for the detection of abnormalities ofcerebral
structure became available. Since then, magnetic
resonance imaging (MRI) has proved more sen-
sitive than CT scanning in the detection ofcerebral
lesions related to the genesis of seizures. MRI will
detect small temporal lobe haematomas and tu-
mours responsible for complex seizures and in-
creasing technical advances are more frequently
demonstrating mesial temporal sclerosis, the most
common pathological finding on those who have

temporal lobectomies for temporal lobe epilepsy.
MRI is only available in a few centres in the

United Kingdom, and CT head scanners, although
now widely available geographically, are always
busy. Furthermore, the technician time and capital
cost of the machine means that some sort of policy
should be developed for deciding whom ofall those
patients with new onset epilepsy should have a CT
scan. Scheuer and Pedley26 take the view that some
sort of brain imaging studies should be performed
in all patients over the age of 18 years, and in all
children with partial seizures (except those with
benign focal epilepsy of childhood), those with
abnormal findings on the neurological examina-
tion, or focal slow-wave abnormalities on the
electroencephalogram. However, in the Royal Col-
lege of Physicians' prospective study of first
seizuresl' my colleagues Charles Clarke, Andrea
Garman and I found that of 370 patients with first
seizures, only 13 turned out to have brain tumours.
Furthermore, scans are not always reliable - subse-
quent follow-up of our patients found that two
further patients whose initial scans had been nor-
mal subsequently developed tumours.
Two further procedures are now available for

research purposes in epilepsy - positron-emission
tomography, and single photon-emission CT
(SPECT). These techniques allow the imaging of
areas ofcerebral hypometabolism interictally in the
temporal lobes of those who have partial seizures,
and may aid a decision about the appropriateness
of temporal lobe surgery.

In conclusion, although neurophysiological and
imaging studies are available for people with
epilepsy, few tumours are detected, and some are
missed. With increasing demands for the rational
use of resources, it is likely that the use of these
procedures in the management of epilepsy will
decline further in future years.

The surgical treatment of epilepsy

This is the fourth of my topics to illustrate the
advances made in the management ofsome cases of
epilepsy in John Walton's professional lifetime. It
has of course been recognized for nearly 100 years
that operations on brain tumours may in them-
selves relieve epilepsy associated with the tumours.
It was then recognized that smaller lesions, partic-
ularly in the temporal lobe, could be responsible for
epilepsy, and that whereas these lesions did not in
themselves warrant removal on account ofprogres-
sive pathology, removal might have a remarkable
effect on the frequency of the seizures, without
leaving a major neurological deficit. Colleagues at
the Maudsley Hospital headed first by Murray
Falconer, and more recently by Charles Polkey
have been amongst the international leaders in the
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526 A. HOPKINS

field. The development of the technique of block
dissection of the anterior part of the temporal lobe
developed by Falconer and his colleagues proved to
be instrumental in the development of our under-
standing of the pathological nature of the underly-
ing changes responsible for epilepsy.

There has been an enormous investment in
clinical and neurophysiological time in attempting
to predict those patients who will benefit from
surgery. First of all, patients must of course be
proven to be refractory to a number of anticonvul-
sant drugs, and combinations of drugs in dosages
sufficient to achieve high therapeutic levels. Inter-
ictal scalp EEG recording is of limited value, and
some sort of video monitoring with simultaneous
EEG recording of the seizures is usually necessary
to determine the site of origin of the seizures.
Wieser and his colleagues have shown that an
electrode inserted through the frame foramen ovale
reliably records seizure discharges some of which
do not reach scalp electrodes.27 American neuro-
surgeons have also written of the value of subdural
and indwelling depth electrodes. As noted above,
MRI and SPECT both have their value in locating
the seizure focus to one or other temporal lobe.
Histologically, the removed temporal lobe may
show mesial temporal sclerosis, or small slow-
growing gliomas, or dysembryoplastic neuro-epi-
thelial tumours.28

With careful case selection, more than half of all
patients with intractable temporal lobe epilepsy
after operation have no further seizures, and about
a further third have a significant reduction in
seizure frequency. There are, however, psycho-
logical effects that should not be underestimated,
particularly in terms ofverbal memory in left-sided
operations, which may prove a significant han-
dicap to those whose life and careers demand
verbal skills.

I have chosen to concentrate upon four aspects
ofepilepsy, but others are worthy of brief mention.
There is now much better understanding of the
biology of the epileptic focus,29 much better under-
standing ofthe relationship between febrile convul-
sions and epilepsy,30 much better understanding of
the toxic effects of drugs, much better understan-
ding of the frequency of pseudoseizures, much
better understanding of the risks of post-traumatic
epilepsy, and of the difficulty in preventing it,31 and
finally, with the recent publication oftheMRC trial
on withdrawing anticonvulsants, we can reasonably
hope to have better understanding of the risks and
benefits of withdrawing anticonvulsants from
those who have been free from seizures for 2 years
or more. There remains, however, a substantial
shortfall of funds for and people interested in
research in epilepsy.33
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