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epileptic seizures
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Background: Seizures occur in 10% of stroke patients, but their predictors have not been clearly identified.
Pre-existing dementia is present in 12–16% of stroke patients and, at the community level, patients with
dementia have increased risk of seizures. However, the question of whether pre-existing dementia is
associated with a higher risk of seizures after stroke has never been studied.
Aim: To evaluate whether pre-existing dementia is associated with an increased risk of seizures after stroke.
Methods: The study was conducted on 202 consecutive stroke patients recruited to the Lille stroke/
dementia study (97 men; median age, 75 years; range, 42–100). Pre-stroke cognitive functions were
evaluated using the Informant Questionnaire on Cognitive Decline in the Elderly, with a cutoff value of 104
for the diagnosis of dementia. Seizures were defined as early seizures when occurring within seven days
of stroke onset, and as late seizures when occurring more than seven days after stroke.
Results: Of 202 patients, 33 (16.3%) met the criteria for pre-existing dementia, and 11 (5.4%) developed
early seizures. During 289 person-years of follow up, 14 patients developed late seizures, resulting in an
incidence rate of 4.8 new cases/100 person-years. Pre-existing dementia was not associated with the
occurrence of early seizures, but was independently associated with the occurrence of late seizures
(adjusted odds ratio, 4.66; 95% confidence interval, 1.34 to 16.21).
Conclusion: Stroke patients with pre-existing dementia have an increased risk of late seizures. Any factor
increasing the risk of seizures (drugs, metabolic changes) should be avoided in these patients.

E
pileptic seizures occur within two weeks of stroke onset
in 1.8–8% of patients,1–7 and late onset seizures occur in
3.2–4.5% of patients.3 5 7 Risk factors for seizures in

stroke patients are not clearly identified,8 but a cortical
lesion 6 7 9–11 and a more severe stroke4 7 are associated with a
higher risk.
In white populations, 12–16% of stroke patients have pre-

existing dementia.12–14 Hospital based15 and population based
studies16 have shown that patients with dementia have an
increased risk of seizures compared with the general
population. However, the question of whether stroke patients
with pre-existing dementia are at increased risk for post-
stroke seizures has never been investigated.
The aim of our study was to evaluate the influence of pre-

existing dementia on the risk of seizures after stroke.

METHOD
The Lille stroke/dementia cohort was recruited over a 28 week
period between November 1995 and January 1996 for a
prospective systematic evaluation of dementia in patients
with stroke.12 17 All consecutive patients with stroke admitted
to the acute stroke unit of the Lille University Hospital,
France were eligible, except those with transient ischaemic
attack (TIA), cerebral venous thrombosis, younger than 40
years, not fluent French speakers, not white, without a
reliable informant, with a history of severe head trauma or
neurosurgery, referred from another hospital, or not living in
the urban community of Lille (1.2 million inhabitants).
Previous stroke and TIA were not exclusion criteria. We
examined patients according to a standardised procedure, as
described previously.12 17

Patients’ evaluation
We prospectively collected demographic and clinical data,
including personal history of epileptic seizures, age, sex,
education level (, 8 years of education, 8 years of education),

presence of arterial hypertension (defined as systolic blood
pressure . 160 mm Hg or diastolic blood pressure . 90 mm
Hg or current treatment with antihypertensive drugs either
before stroke onset or lasting more than one month after stroke
onset), diabetes mellitus (defined as serum glucose concentra-
tion . 1.20 g/litre or current use of antidiabetic drugs),
hyperlipidaemia (defined as fasting serum concentration of
triglycerides . 1.5 g/litre or fasting cholesterol serum concen-
tration . 2.3 g/litre), previous TIA or stroke, mean alcohol
consumption . 300 g/week, and cigarette smoking (. 10
cigarettes/day or cessation less than five years earlier). We
evaluated the severity of the clinical deficits with the Orgogozo
scale.18 We determined the presence of silent infarcts on
computerised tomography (CT) scans performed at admission
without contrast agent, and the presence and severity of
leucoaraiosis and cerebral atrophy with widely used criteria and
scales previously described in this cohort.12 17 The location of
recent and old strokes was determined on the neuroimaging
procedure judged as the most appropriate, which was either a
delayed CT scan (87 patients) or a magnetic resonance imaging
scan (82 patients). Thirty three patients had neither a delayed
CT nor a magnetic resonance imaging scan because of death or
refusal: in these patients, the location of stroke was determined
on CT performed at admission. Lesions were considered to be
superficial when they involved cortical areas and to be deep
when they did not. In 24 patients, the stroke location was
undetermined: 13 patients had no delayed imaging and stroke
was not visible on the first CT scan and 11 patients had no
visible lesion on delayed imaging. At discharge, the aetiology of
ischaemic strokes was defined according to TOAST criteria.19

Abbreviations: AD, Alzeimer’s disease; CI, confidence interval; CT,
computerised tomography; ES, early seizures; IQCODE, Informant
Questionnaire on Cognitive Decline in the Elderly; LS, late seizures; OR,
odds ratio; TIA, transient ischaemic attack
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Pre-existing dementia
The assessment of pre-existing dementia was carried out
within 48 hours of stroke onset by a French translation of the
Informant Questionnaire on Cognitive Decline in the Elderly
(IQCODE).20–24 We classified patients with IQCODE scores of
104 or more as having pre-existing dementia.20 This
questionnaire consists of 26 questions regarding the changes
experienced by the patient over the past 10 years in aspects of
daily behaviour requiring memory and other intellectual
abilities. A close relative is interviewed and therefore it does
not require the participation of the patient at a stage of the
disease when neuropsychological functions may be influ-
enced by stroke. Each item carries a score of 1 to 5 (1, has
become much better; 2, has become a bit better; 3, has not
changed; 4, has become a bit worse; and 5, has become much
worse). The global score, achieved by adding the scores of
each item, ranges from 26 to 130 points. The informant must
have known the patient for at least 10 years and should meet
him or her at least once a week. The questionnaire has a good
reproducibility between and within raters.20 22 23 There is a
good correlation between the scores of the Mini-Mental State
Examination 25 and the IQCODE.20 23 24 26 The IQCODE score is
not influenced by patients’ previous intelligence, education
level, or socioeconomic class20 22 23 27 28 because its aim is to
detect a fall from a higher previous to a lower present
intellectual level.21 This screening tool has been validated not
only in patients with Alzeimer’s disease (AD),29 but also in
population samples of elderly subjects.22 24 27 We classified as
having pre-existing dementia those patients with IQCODE
scores higher than 104, because this cutoff point leads to a
diagnostic accuracy of 90.4%.20

Seizures
Seizures were classified according to the International League
Against Epilepsy criteria.30 We only took into account those
events that were certain to be seizures. We distinguished
three groups: partial, partial secondary generalised, and
generalised seizures. Early seizures (ES) were defined
according to the guidelines of the International League
Against Epilepsy31 as those occurring within seven days of
stroke. Unprovoked seizures developing beyond one week of
stroke were termed late seizures (LS). The use of antiepileptic
treatment within seven days of stroke and at discharge was
systematically recorded. LS, electroencephalogram data (if
any), and current antiepileptic treatment were systematically
recorded at each follow up visit.

Follow up
Patients were followed up at six months and then annually
over three years by a visit to a neurologist. At each visit the
occurrence of a recurrent stroke or TIA and of seizures was
recorded.

Ethics
The promoter of the study was the Lille University Hospital,
France. The study protocol was approved by the ethical
committee of the institution. The study was considered by the
ethical committee as observational, data recorded being part
of the normal care and follow up of patients with stroke and
no investigation being performed for the purpose of the
study. The ethical committee disapproved the recruitment of
a control group, which was initially planned, but therefore
not recruited.

Statistical analysis
Clinical and imaging data of patients with and without ES
after stroke were compared using the x2 test, Fisher’s exact
test, or the t test for unpaired data, as appropriate. We
evaluated the influence of pre-existing dementia on the

mortality rate within seven days of stroke onset using the x2

test. Risk factors independently associated with ES were
identified by means of logistic regression analysis. The
incidence rate of LS was calculated using life table methods.
Kaplan-Meier survival analysis was used to determine the
proportion of patients surviving free of LS in those with and
without pre-stroke dementia. The influence of demographic
variables and of other potential predictors of LS was assessed
using the log rank test for the following variables: demo-
graphic factors, vascular risk factors, previous stroke, type of
stroke (ischaemic/haemorrhagic), aetiology of stroke accord-
ing to TOAST criteria,19 topography of stroke (superficial,
deep, posterior fossa), ES, and CT data (presence of silent
infarcts on CT). The relative risk was computed using Cox
proportional hazards analysis. Cox proportional hazards
analysis was also used for qualitative variables (age,
Orgogozo’s score at admission, cerebral atrophy score, and
leucoaraiosis score). Multivariate analysis was performed
using Cox proportional hazards analysis including pre-
existing dementia, demographic variables (age and sex),
and other potential predictors of LS. Only variables with
p value , 0.20 in the bivariate analysis were considered for
multivariate analysis.
The analyses were computed using SPSS.

RESULTS
Study population
During the 28 week recruitment period, 258 patients with
stroke, aged 40 years or more, French speakers, without a
history of severe head trauma or neurosurgery were admitted
into the acute stroke unit. Fifty six (27.7%) were excluded
because of the lack of an informant or the impossibility of
meeting the informant within 48 hours of stroke onset. Those
56 subjects did not differ from the study population in age, sex,
or severity of neurological deficit at admission. The study
population consisted of 202 patients (105 women and 97 men),
with a median age of 75 years (range, 42–101). Twenty five
patients had a deep intracerebral haemorrhage and 177 an
ischaemic stroke. One hundred and forty seven patients had a
first ever stroke, and 32 had suffered from a previous stroke. No
survivor was lost to follow up at month 36. Of the 202 patients,
33 (16.3%; 95% confidence interval (CI), 11.2 to 21.4) had an
IQCODE score of 104 and were diagnosed as having pre-stroke
dementia. Among 202 patients, only one patient had a seizure
30 years ago but did not have a seizure during the study.

Early seizures
Eleven (5.4%) patients developed ES. Their median age was
76 years (range, 43–89). Three of these 11 patients had an
intracranial haemorrhage and eight had an infarct, including
one in the posterior fossa. In six patients, seizures occurred at
onset, in two during the first 24 hours, in one at 48 hours,
and in two patients seizures occurred five days after stroke
onset. ES were classified as simple partial in five patients,
secondary generalised in one, and generalised tonic-clonic
without signs of focal onset in three. One patient suffered
from an initial partial status epilepticus and the type of
seizure could not be defined with certainty in one patient.
Seizures were unique in all patients but one. Four patients
received antiepileptic agents (carbamazepine in two, valproic
acid in two). Table 1 details the results of the bivariate
analyses regarding factors potentially associated with ES. The
mortality rate within seven days after stroke was similar in
patients with and without pre-existing dementia
(p = 0.924). We found no independent predictor of ES in
multivariate analysis. Pre-existing dementia was not asso-
ciated with ES (odds ratio (OR), 1.11; 95% CI, 0.26 to 4.80),
and neither was the IQCODE score when considered as a
continuous variable (p = 0.539).
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Late seizures
During 289 person-years of follow up, 14 patients developed
LS, resulting in an incidence rate of 4.8 new cases/100 person-
years. The median age was 66 years (range, 45–85). Two of the
14 patients suffered from an intracranial haemorrhage and 12
from an infarct. LS were classified as simple partial in four
patients, secondary generalised in five, and generalised tonic-
clonic without signs of focal onset in five. The median delay
between stroke and LS was 15.5 months (range, 4–63). None
of the patients had a personal history of seizure. Only one
patient had suffered from an ES. After the first episode of LS,
eight patients were treated (valproic acid in four, carbamaze-
pine in four). The remaining four received no treatment. This
was an observational study and treatment decisions were
made by the clinicians in charge of the patient. Before stroke
onset, only one patient was known to have dementia, but was
not treated. After stroke, this patient was treated with tacrine.
He received the treatment over nine months and suffered from
a first seizure seven months after stroke. He had a few
recurrences of LS, which stopped when tacrine was with-
drawn. No other patient received cholinesterase inhibitors
during the follow up period.
LS occurred in four of 33 patients with pre-existing

dementia and in 10 of the 169 without pre-existing dementia.
Tables 2 and 3 detail the results of the bivariate analyses

for qualitative and quantitative variables, respectively.
Multivariate analysis found patients with pre-existing
dementia to have a higher risk of LS (adjusted OR, 4.66;
95% CI, 1.34 to 16.21). The only other independent risk factor
for LS was the clinical severity of the stroke at admission
(adjusted OR, 0.98; 95% CI, 0.95 to 0.99; goodness of fit,
89.49).

DISCUSSION
Our study has shown that patients with pre-existing
dementia have an increased risk of post-stroke LS, but not
of ES.
To our knowledge, this is the first study to investigate the

influence of pre-existing dementia on the risk of post-stroke
epileptic seizures. Pre-existing dementia does not increase
the risk of ES but increases the risk of LS. The absence of an
association between pre-existing dementia and ES cannot be
explained by a higher mortality rate in patients with pre-
existing dementia because the mortality rate within seven
days after stroke onset was similar in patients with and
without pre-existing dementia. With regard to the influence
of pre-existing dementia on the risk of LS, because of the
high mortality rate in this population (in particular patients
with pre-existing dementia)12 we used survival curve analyses
to determine the predictive factors for LS. In a population
based study,32 patients with dementia (mainly suffering from
AD) were found to have an increased risk of seizures
compared with those without dementia. Studies dedicated
to the population of patients with dementia15 16 suggested
that seizures occur at the late stage of dementia. To date, no
clear pathophysiological pattern is available to explain the
occurrence of seizures in the course of dementia. Dysfunction
of excitatory amino acid pathways, such as glutamate, may
play a role.33 In our population, patients with dementia were
mainly diagnosed as having AD,12 which can, to some extent,
explain the relation between pre-existing dementia and
seizures.
We used the IQCODE to diagnose pre-existing dementia.

To prevent an overestimation of the prevalence of dementia,
we chose a cutoff point of 104 for the IQCODE score, as Jorm

Table 1 Factors associated with early seizures: bivariate analysis

Variable
Patients without ES
(n = 191)

Patients with ES
(n = 11) p Value OR (95% CI)

Demographic data
Age (years)* 75 (42–100) 76 (43–89) 0.752
Male sex 91 (47.6) 6 (54.5) 0.761 1.14 (0.43 to 2.98)

Past medical history
Stroke 30 (15.7) 2 (18.2) 0.687 1.16 (0.24 to 5.51)
Alcohol abuse 37 (19.4) 3 (27.3) 0.458 1.38 (0.40 to 4.72)

Pre-existing cognitive status
Pre-existing dementia 31 (16.2) 2 (18.2) 1.000 1.11 (0.26 to 4.80)
IQCODE score* 83 (78–130) 85 (78–121) 0.539

Stroke severity
Orgogozo’s score at admission* 70 (0–100) 65 (15–100) 0.520

Type of stroke
Ischaemic 169 (88.5) 8 (72.8) 0.141 0.83 (0.34 to 2.02)

Aetiology of ischaemic stroke
Atheroma 26 (13.6) 1 (9.1) 1.000 0.68 (0.09 to 5.06)
Cardioembolic 46 (24.1) 2 (18.2) 1.000 0.77 (0.18 to 3.34)
Small vessel disease 35 (18.3) 2 (18.2) 1.000 0.99 (0.23 to 4.30)
Other known cause 4 (2.1) 0 NA NA
Undetermined 58 (30.4) 3 (27.3) 1.000 0.90 (0.26 to 3.13)

Location of the lesions (old and new)
Superficial 78 (40.9) 3 (27.3) 0.531 0.68 (0.19 to 2.37)
Deep 127 (60.2) 8 (45.5) 1.000 1.34 (0.34 to 5.24)
Posterior fossa 18 (9.4) 1 (9.1) 1.000 0.97 (0.13 to 7.09)

Location of the lesions (old )
Superficial 15 (7.8) 1 (9.1) 1.000 1. 16 (0.14 to 9.65)
Deep 53 (27.7) 6 (54.5) 0.084 1.97 (0.69 to 5.58)
Posterior fossa 10 (5.2) 0 NA NA

Location of the lesions (new)
Superficial 74 (38.7) 2 (1.8) 0.214 0.47 (0.10 to 2.18)
Deep 115 (60.2) 5 (45.5) 0.359 0.75 (0.25 to 2.24)
Posterior fossa 18 (9.4) 1 (9.1) 1.000 0.96 (0.12 to 7.96)

Neuroimaging
Leucoaraiosis score 1 (0–3) 2.5 (0–3) 0.071
Cerebral atrophy score 2 (0–3) 2 (0–3) 0.280

Values are number of patients (%) (x2 test with Yate’s correction if necessary or Fisher’s exact test), except for the neuroimaging results where they are median
(range) (Mann-Whitney’s test).
CI, confidence interval; IQCODE, Informant Questionnaire on Cognitive Decline in the Elderly; ES, early seizures; NA, not applicable; OR, odds ratio.
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and Jacomb did in their first work.20 For the French version,
the optimal cutoff point to diagnose dementia is probably
lower. Therefore, we may have underestimated the preva-
lence of pre-existing dementia. However, this method is as
sensitive as the Mini-Mental State Examination25 for the
diagnosis of moderate dementia.
Pre-existing dementia, as defined by an IQCODE score

higher than 104, was associated with LS. When analysing the
IQCODE score as a continuous variable, the association with

LS did not reach significance in bivariate analysis. This
suggests that a certain degree of severity of cognitive decline
is needed to influence the risk of epileptic seizures.
The incidence of ES was 5.4% and 4.8 new cases/100

person-years for LS, which is similar to the figures reported in
previous studies.8 This finding suggests that the study
population and the method used to define seizures did not
differ from other studies, and therefore, did not influence the
result of the analysis.

Table 2 Factors associated with LS: bivariate analysis (Kaplan-Meier analysis, log rank test)

Variable
No of patients
(n = 202)

No of patients with LS
(n = 14) p Value RR (95% CI)

Demographic data
Male 97 5 0.077 0.32 (0.09 to 1.21)
Female 105 9

Past medical history
Previous stroke 32 4 0.378 1.76 (0.49 to 6.29)
No previous stroke 170 10 0.156 0.25 (0.03 to 1.25)
Alcohol abuse 40 2
No alcohol abuse 162 12

Pre-existing cognitive status
Pre-existing dementia 33 4 0.016 4.14 (1.20 to 14.29)
No pre-existing dementia 169 10

Type of stroke
Ischaemic 177 12 0.719 0.75 (0.16 to 3.54)
Haemorrhagic 25 2

Aetiology of ischaemic stroke
Atheroma 27 1 0.321 0.36 (0.04 to 2.92)
No atheroma 175 13
Cardioembolic 48 1 0.513 0.51 (0.07 to 3.99)
Not cardioembolic 154 13
Small vessel disease 37 2 0.090 0.21 (0.03 to 1.62)
No small vessel disease 165 12
Other known cause 4 0 NA NA
No other known cause 198 14
Undetermined 61 8 0.004 5.72 (1.52 to 21.56)
Not undetermined 141 6

Location of the lesions (old)
Superficial 16 2 0.010 5.97 (1.26 to 28.32)
Not superficial 186 12
Deep 59 5 0.897 1.08 (0.34 to 3.37)
Not deep 143 9
Posterior fossa 10 1 0.351 2.57 (0.33 to 20.21)
Not in the posterior fossa 192 13

Location of the lesions (new)
Superficial 76 7 0.008 4.52 (1.32 to 15.44)
Not superficial 126 7
Deep 120 8 0.487 0.68 (0.23 to 2.04)
Not deep 82 6
Posterior fossa 19 1 0.733 0.70 (0.09 to 5.48)
Not in the posterior fossa 183 13

Location of the lesions (old and new)
Superficial 81 7 0.017 4.01 (1.17 to 13.75)
Not superficial 121 7
Deep 135 11 0.927 1.06 (0.28 to 4.02)
Not deep 67 3
Posterior fossa 28 2 0.757 0.72 (0.09 to 5.65)
Not in the posterior fossa 174 12

Occurrence of seizures
Early 11 1 0.793 0.74 (0.08 to 7.23)
Not early 191 13

Results in bold are significant.
CI, confidence interval; LS, late seizures; NA, not applicable; RR, relative risk.

Table 3 Factors associated with late seizures: bivariate analysis for quantitative variables (Cox proportional hazard model)

Variable b SE p Value HR (95% CI)

Age 20.010 0.023 0.642 0.99 (0.95 to 1.03)
Orgogozo’s score at admission 20.028 0.011 0.009 0.97 (0.95 to 0.99)
Leucoaraiosis score 0.087 0.281 0.757 1.09 (0.63 to 1.89)
IQCODE score 0.030 0.020 0.130 1.03 (0.99 to 1.07)
Cerebral atrophy score 0.009 0.314 0.976 1.01 (0.55 to 1.87)

Results in bold are significant.
CI, confidence interval; HR, hazards ratio; IQCODE, Informant Questionnaire on Cognitive Decline in the Elderly.
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The assessment of seizures was not blinded for the
presence or absence of pre-existing dementia because the
assessment of both dementia and seizures was performed by
the same neurologist. Although we cannot completely
exclude an influence on the results, this is very unlikely.
Some of the patients studied had a medical history of

stroke. We chose to include them because recurrence of
stroke is frequent and an important issue in practice; we took
this into account in our statistical analysis. A medical history
of stroke was not significant. We also studied the influence of
existing lesions on imaging: in multivariate analysis, neither
old nor new lesions were a predictive factor for post-stroke
seizures.
Our study was conducted between 1995 and 1999. In

France, donepezil was released in 1997 and rivastigmin in
1998. At the beginning, cholinesterase inhibitors were used in
patients who fulfilled the criteria for probable AD, but not in
patients with possible AD. Because all our patients had
suffered from a stroke, even if the clinical presentation and
course of dementia was typical of AD, they received the
diagnosis of possible AD and not of probable AD. This may
explain why only one patient was treated with cholinesterase
inhibitors in our cohort.
After the first LS, one third of patients did not receive anti-

epileptic drugs. Our study was observational, and not
designed to determine the reasons for prescription (or non-
prescription). Treatment decisions were made by the clin-
icians in charge of the patients, so we cannot determine why
some patients with LS did not receive anti-epileptic treat-
ment. However, to date, there is no consensus regarding the
indications for anti-epileptic drugs after a first post-stroke
late seizure.
We found no explanatory variables regarding the occur-

rence of ES. One of the reasons may result from the time
definition of ES. According to the international league of
epilepsy, seizures occurring within seven days are considered
to be early.31 The pathophysiological mechanisms of seizures
that occur at onset may differ from those occurring five days
after the stroke. Gathering those different types of seizures in
the same analysis might explain the difficulty of identifying
strong predictors for ES. We did not analyse separately those
seizures occurring at stroke onset and those occurring after
24 hours because of the small population size. Other factors
such as hyperthermia, electrolyte disturbances, and treat-
ments may play a role in facilitating seizures; we did not take
them into account because of the small size of our study
population.
The difficulty in identifying predictive factors for seizures

or the characteristics of stroke responsible for seizures may
result from the fact that seizures are not only linked to the
stroke in itself, but are also the consequence of host
characteristics. From a practical point of view, besides giving
information to patients and caregivers about the risk of
stroke recurrence, post-stroke dementia, or depression, we
should also inform patients and caregivers about the risk of
post-stroke late seizures, especially in patients with pre-
existing dementia. Any factor increasing the risk of seizures
(drugs, metabolic changes) should be avoided in these
patients.
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