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A study of the incidence of epilepsy following ECT
D H R BLACKWOOD*, R E CULLt, C P L FREEMANt, J I EVANSt,
AND C MAWDSLEY§

From the MRC Brain Metabolism Unit, University Department of Pharmacology*, Edinburgh,
The Department of Medical Neurology, Royal Infirmary, Edinburght, The Department of Psychiatry,
Royal Edinburgh Hospitalt, and the Department ofMedical Neurology, Northern General Hospital, Edinburgh§

S U M M A R Y In a group of 166 patients who had received electroconvulsive therapy more than one
year previously the prevalence ofepilepsy did not differ significantly from that found in the community
as a whole. The findings suggest that a kindling process is not a clinical hazard following repeated
electrically induced seizures.

Meduna's hypothesis that there was an apparently
reversible antagonism between the epileptic state
and schizophrenia led to the development of
convulsive therapy and its application to a wide
range of clinical conditions.' Early workers
observed that the threshold to seizures (the mini-
mum voltage required to elicit a convulsion)
became elevated in patients undergoing convulsive
treatment and it was proposed that electroshock
treatment might even be useful in the manage-
ment of patients with epilepsy. Several reports
claimed a reduction in the frequency of fits in
small numbers of patients with intractable epi-
lepsy following treatment with electroshock
therapy2-4 and Kalinowski et a/2 showed that an
increase in seizure threshold could follow convul-
sions whether these were spontaneous or induced
by Metrazol or electroshock. The clinical observa-
tions that convulsions may afford temporary
protection against further fits was supported by
experiments using rats5 6 and cats.7 8 Spon-
taneous fits also occurred in some cats during
periods of daily electrical stimulation even when
the seizure threshold was elevated and it was
concluded that an epileptogenic process was
taking place in addition to a threshold elevating
effect.7 8
The relation between electroconvulsive ther-

apy and epilepsy remained controversial and
Blumenthal9 reviewing a large number of pub-
lished cases of spontaneous fits occurring for
the first time following ECT concluded that
epilepsy as a complication of shock therapy was
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relatively uncommon and usually self limiting.
Recent interest in the relationship between
electrical stimulation of the brain and the
development of epilepsy has stemmed from the
observation by Goddard'0 1' that repeated sub-
convulsive electrical stimulation applied to various
limbic, olfactory or cortical brain sites eventually
leads to the production of stimulation-induced
seizures. Goddard termed this effect "kindling"
and subsequent work suggested that the kindling
process involved a long lasting reduction in con-
vulsive threshold associated with changes in syn-
aptic function both at the site of stimulus and
in related brain areas. The aptness of kindling
as a model for the study of clinical epilepsy has
been enhanced by the findings that the process
occurs in many animal species including baboons
and rhesus monkeys, that prolonged subconvul-
sive stimulation eventually causes animals to
develop spontaneous seizures and that the effect
of electrical stimulation can be mimicked by
repeated pharmacological stimulation.'2 To pro-
duce the kindling effect in susceptible brain
regions, the stimulations must be spaced in time.
Massed stimulations are ineffective. In rats the
optimum interval between consecutive stimuli is
about 24 hours.
The apparent contradiction between the earlier

views that repeated electroconvulsive therapy
might protect against spontaneous fits by causing
an elevation in seizure threshold and the more
recent proposal that repeated, spaced, electrical
stimulations might cause epilepsy by a kindling
effect was resolved when the critical importance
of the time interval between successive stimula-
tions was recognised. Tress et all' reported that
in rats the seizure threshold after electroshock
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was elevated for over two hours but returned to
normal after 24 hours. Ramer et all" analysed
the effect of the between-stimulation interval in
rats and observed a kindling effect when electro-
shock convulsions were given once in three days,
contrasted by a steady reduction in response to
the same stimulus when applied at hourly
intervals.

Goddard'0°11 warned of the possibility that any
form of therapeutic stimulation of the brain
might cause epilepsy by a process of kindling,
and Pinel et al'5 has stressed the wide applica-
bility of kindling and suggested that repeated
electroconvulsive treatment could either lead
directly to epilepsy or could induce a state of
heightened sensitivity to a variety of epilepto-
genic stimulations in normal or predisposed
patients.
Because of the increasing awareness of the

potential hazards of spaced stimulation of the
brain this study was undertaken to try to estimate
the incidence of fits in patients who have been
treated by electroconvulsive therapy.

Method

Subjects Patients who were being studied by one
of us (CPLF) in a study of attitudes to ECT'P were
interviewed separately and asked specifically about
symptoms suggestive of epilepsy, and if indicated a
clinical examination was carried out. The informa-
tion obtained by interview was supplemented by
examination of hospital case records which were
available for all patients. An EEG was offered to all
patients who would co-operate but records were
finally obtained on only 46 patients. One hundred and
sixty-six subjects were interviewed of whom 98 were
female and 68 male. The sample comprised 106
patients who had had ECT in 1976 and 60 who had
ECT in 1971. The 1976 group were a representative
sample of patients under 70 who had at least one ECT
course in that year at the Royal Edinburgh Hospital.
A total of 183 patients had ECT in 1976. Twelve
had died, 25 were over 70, 27 had moved away from
Edinburgh. This left 119 available for interview, of
whom 106 were contacted. Thirteen patients who
were known to be living in Edinburgh, either refused
to come for interview or were unable to do so.
Four patients in 1971 and 16 patients in 1976 re-
ceived unilateral ECT (1°,% of the total sample).
All others received the treatment bilaterally. The
mean age of all patients was 51l5 years and ranged
from 21 to 69 years. The diagnosis of these patients
is given in table 1. Table 2 shows the number of
courses of ECT given and table 3 the number of
treatments (individual convulsions) received. The
mean number of treatments for the group as a whole
was 16 (range 1-75) given in 1-14 courses. The
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Table 1 The diagnosis of the patients used in this
study

Diagnosis 1971 1976 Total
Group Group

Unipolar depression 37 67 104
Bipolar depression 10 19 29
Schizophrenia 10 6 16
Hypomania 1 4 5
Neurotic 1 4 5
Unspecified psychosis 1 3 4
Puerperal psychosis 0 2 2
Personality disorder 0 1 1
Total 60 106 166

Table 2 The number of courses of treatment given
to patients

Number of courses
ofECT 1 2 3 4 5 6 >6

1971 21 13 11 4 2 4 5
1976 43 23 14 7 6 3 10
Total 64 36 25 11 8 7 15

Mean for all patients = 2 4 treatment courses

Table 3 Total number of treatments given to
patients
Number of treatments 1-5 6-10 11-20 21-30 >30

1971 Group 2 24 16 9 9
1976 Group 17 31 31 13 14
Total 19 55 47 22 23

Mean number of treatments for all patients= 16 8 (range 17-5)

mean length of time between the last course of
treatment and interview was 18 months and nobody
was interviewed who had not had ECT more than
one year previously.

Results

All patients who reported symptoms suggestive
of epilepsy had received bilateral ECT. One
female patient described generalised epileptic
episodes occurring about once every two years
since the age of 12 years for which she had never
sought medical advice and which had not be-
come more frequent after ECT. Her EEG in
1978 showed only minor abnormalities in the
theta range. One male patient who was alcoholic
had generalised fits during the acute phase of a
chlorpromazine overdose a few weeks after the
completion of a course of ECT. He gave no
history of fits at any other time and a subsequent
EEG was normal apart from an excess of drug
associated fast activity.
Three patients described fits which had

occurred for the first time after a course of ECT
therapy, when there were no other precipitating
factors.
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(1) MB A female aged 56 years with a schizo-
affective disorder was treated by four courses of
ECT between 1960 and 1963 and two further
courses in 1975 and 1976, receiving a total of
more than 30 convulsions. She had a single
generalised convulsion four hours after the first
treatment of the course in 1976. At the time she
was taking thioridazine 100 mg thrice daily. An
EEG recorded after the fit was not significantlv
abnormal and one recorded a year later showed
only a nonspecific excess of slow waves in the
theta range and no paroxysmal changes.
(2) WB A female aged 63 years with unipolar
depression who received courses of ECT in 1975,
1976 and 1977 (totalling 18 treatments) experi-
enced two generalised seizures a few days apart,
two weeks after her last treatment in 1977. Her
drug treatment at the time was amitryptiline
75 mg daily and phenobarbitone 30 mg daily. An
EEG was not obtained.
(3) DB A male aged 61 years with bipolar
deipression was treated by ECT in 1954, 1968,
1970, 1971 (totalling 16 treatments). He had a
first spontaneous fit in 1962, eight years after the
first course of ECT and had two subsequent
episodes of loss of consciousness. His sister was
epileptic. He had been treated with lithium car-
bonate and thioridazine but as far as could be
ascertained had not received tricyclic antidepress-
ants. An EEG in 1977 was grossly abnormal
with diffuse slow activity but no paroxysmal
changes.
EEG findings In no case was paroxysmal ac-
tivity found. Of 46 records, 26 were considered
to be normal and a further 15 contained only
nonspecific changes consisting of short-lived runs
of excessive theta activity in temporal and occi-
pital regions. This has been recognised as a
common finding in a psychiatric population.17
The remaining five records showed clear abnor-
malities consisting of 1-6 Hz activity which was
diffuse in four cases and related to the temporal
lobe in one. Of the patients in whom fits had
succeeded ECT only one (DB) showed marked
abnormality.

Discussion

A number of studies have attempted to measure
the prevalence of epilepsy in the population of
England and Wales. Although equivalent figures
for Scotland are not available they can be as-
sumed to be broadly similar. Brewis et al'8 found
a prevalence rate for epilepsy of 5 5/1000 based
on a detailed survey of the population of the
city of Carlisle. In surveys of epilepsy in general

practice Pond et all9 found a prevalence rate of
6 2/1000 registered patients and a more exten-
sive survey by the Research Committee of the
College of General Practitioners20 reported a pre-
valance rate of 4-2/1000 for "chronic" epileptics.
These figures almost certainly underestimate

the true prevalence and the studies quoted differ
in their definition of epilepsy. Pond et al'9 in-
cluded all cases of fits including febrile convul-
sions, in the two years preceding the survey.
Brewis et alp8 did not include single fits and
the College of General Practitioners20 excluded
patients who were fit free at the time of the
survey.
The number of fits diagnosed in this study

was within the expected normal range based on
the published prevalence rates for England and
Wales. In 166 patients we diagnosed a total of
five cases of epilepsy giving a prevalence (with
95% confidence limits) of 3+ 2-6%. This does
not differ significantly from the prevalence rates
found in general practice. It is of interest that in
two cases, WB and MB who had no family
history of epilepsy, fits had occurred shortly after
ECT, although in one case (WB) treatment with
a tricyclic antidepressant was a possible precipi-
tating factor. In case 3 (DB) epilepsy appeared
to be unrelated to ECT since eight years had
elapsed between the time of the first ECT course
and first convulsions and 12 further treatment
between 1968-71 were not followed by further
spontaneous fits.
Blumenthal9 reviewed 51 cases and presented

a detailed description of his own series of 12
patients (which he considered to be a small pro-
portion of the actual number of patients) who
with no previous history of epilepsy had devel-
oped fits following ECT. In the reviewed series
spontaneous fits occurred from a few hours up
to about one year after ECT and in Blumen-
thal's own patients the average time lapse be-
tween the last ECT and the first fit was 24
months (range 12 hours to 11 months). Most
patients had from one to three epileptic attacks
although in one case a patient who had a family
history of epilepsy had fits on average once a
month for 312 years after ECT. The average
number of electroconvulsive treatments prior to
the first spontaneous seizure was 71, adminis-
tered over a period which ranged from five weeks
to eight years. The two cases of epilepsy after
ECT (MB and WB) reported in this paper appear
to have followed a similar natural history to the
patients described by Blumenthal.
The role of kindling in the development of

human epilepsy remains highly speculative and
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Wada21 has stressed the relative difficulty of
kindling rhesus monkeys compared to animals
such as cats and rodents and he has proposed
that humans may be so highly resistant to kind-
ling that the process is not clinically important
exc-ept in certain predisposed groups of patients.
However, Sramka et a122 have reported a case of
focal seizures becoming secondarily generalised
in a patient receiving thalamic stimulation via
indwelling electrodes for the treatment of pain.
The development of epilepsy was remarkably
reminiscent of the kindling procedure. It is pos-
sible that ECT does not lead to epilepsy more
commonly because the type of stimulus used is
quite unlike the minimal stimulus evoking a
local after-discharge which is employed in kind-
ling. It is also possible that a kindling effect
during ECT could be inhibited by barbiturates
which are routinely used as anaesthetic agents
for ECT. In experimental animals barbiturates
have a marked prophylactic effect when adminis-
tered prior to the stimulus during amygdaloid
kindling.23 24

Biochemical changes which accompany electro-
shock25 and kindling12 in rats have suggested
involvement of amines in both processes but in-
sufficient is known about the neurochemical
changes in specific anatomical sites to make
comparisons between the two procedures.
The results of this small survey support the

view that ECT may provoke spontaneous fits in
a small proportion of patients. However, the
number of attacks in each case tends to be small
and there is no evidence of an increased inci-
dence of chronic epilepsy in patients who have
been exposed to ECT. A knowledge of the neuro-
chemical changes in specific brain sites following
electroshock and kindling in animals may lead
to a better understanding of the eff,ect on the
human brain of spaced stimulation and in parti-
cular may make it possible to distinguish the
factors which cause an increase in the risk of
epilepsy from those factors which are responsible
for causing changes in mood.
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