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CHAPTER 1

Stroke ranks third as cause of death in the western world."-8<>-«.i98 it is also one
of the most important causes of lasting disability in older adults.^^iw Some
stroke patients will additionally be handicapped by the occurrence of epileptic
seizures. Developing epilepsy is an alarming event with a consequent decline in
the quality of life, especially in patients who already experience a reduced
quality of life as a result of the persistent neurological impairment due to a
stroke.
Stroke is a highly prevalent disease, and its occurrence is directly related to
age 6i.86.iw j h e annual incidence of first-ever stroke in the general population in
the Netherlands is approximately 150/100,000; in patients 65-74 years it is
almost 700/100.000 and in patients older than 75 years even 1.600/100,000.^
Because of the ageing of our population and the increasing survival-rate after a
stroke,^'"'''-'-"* the number of people at risk for developing stroke, and
consequently those with post-stroke epilepsy probably will increase.
Post-stroke epilepsy is not a modern concept. The relationship between
cerebrovascular disease (CVD) and seizures has been recognized since 1864,
when John Hughlings Jackson reported partial seizures complicating embolic
stroke: "It is not very uncommon to find when a patient has recovered or is
recovering from hemiplegia, the result of embolism of the middle cerebral artery,
or of some branch of this vessel, that he is attacked by convulsion beginning in
some part of the paralyzed region."'" In 1885 William Gowers, in his book on
epilepsy and other chronic convulsive diseases, even entitled one of the chapters
"Posthemiplegic Epilepsy"." Therefore, it is rather puzzling that there are still so
many questions about post-stroke epilepsy, and that the subject of epileptic
seizures and acute stroke has received relatively little attention in the literature.
In the literature the problem of post-stroke epilepsy is addressed in two different
ways. Firstly, patients with so-called "late onset epilepsy" have been studied to
find out if they ever had a stroke which then might be the cause for their
epileptic seizures.--*--'-^^'"-"-'^'-^-*^*-^-'''-''--''^-'-^'^-'-^.'<io.i''--i<>7.i72.i73.i75.i8i.2oo Such

studies resulted in figures between 11 and 54% of adult epilepsy patients in
whom a prior "stroke" was the presumable cause for their seizures^-'-'-"--'"'-*-''-''*-"-ii5.i5o.i67.i7: However, the results varied widely, and are difficult to compare
because of greatly varying study methods. The definition of so-called "late onset
epilepsy" varies between studies from the first epileptic seizure after the age of
20. to the first seizure after the age of 40, 50 or even 60. Many studies were done
before the advent of CT. Furthermore, the possible causes of the epileptic
seizures were not uniformly assessed. Some studies clearly referred to strokes as
the cause of the seizures, whereas many studies included "cerebrovascular
disease" as underlying cause, which not necessarily means the same. Besides,
nearly all studies failed to detect the cause of epilepsy in every patient: the
percentage "unknown cause" varied from zero to 75%. Nevertheless, despite
these difficulties in interpretation, it is now generally accepted that
"cerebrovascular disease" (including stroke) is the most frequent cause of late
onset epilepsy, especially in adults above the age of 60. in whom in almost 40%
10

Gf/ifra/ i;!f;r)rfut7Jon

cerebrovascular disease can be detected as the most probable cause for their
epilepsy.^.51.88.111.115.173.175 As approximately 30% of all new epilepsy patients are
60 years or older,»2.in.ii4.i8i.i82 "post-stroke epilepsy" is the cause for their
epileptic seizures in almost 12% of a// new epilepsy patients.
A different approach to study the relationship between stroke and epilepsy is to
investigate stroke patients to see if they develop post-stroke seizures. 17.19,20.22.29.36.
37.43.45-47,49,54,55.58,60.61.69.80,83,88,90,92.100-102,104,107.113.118.124-127,135-137,140-142.146,152,154-156.166.

168.174.176,188,193 The frequency of post-stroke epilepsy varies between such studies
f r o m z e r o to m o r e than 5 0 % . 17.19.20.29,36.37.45-47,54,55,58,69,83,88,90,100,102.104,113,118,124,127.

136.137.140-142.146.154-156.166.168.174.188.193 Unfortunately, most studies were retrospective, whereas they should have been prospective with follow-up at least until the
first seizure occurred. Again, studies are difficult to compare due to differences
in study methods: type of stroke studied, patient inclusion criteria, duration of
follow-up, and definition of what post-stroke epilepsy signified. Many studies
were based on small numbers, used unclear selection criteria and an insufficient
ascertainment of the type of stroke, especially in the pre-CT era. Some
investigators included patients with a prior history of epilepsy, whereas others
excluded patients who only had one single post-stroke seizure. Besides the
reported differences in the frequency of post-stroke epilepsy, risk factors for
developing seizures also differed between studies. Some authors reported the
highest risk of post-stroke seizures in patients with cerebral haemorrhage,-^'
69.ioo.i27 whereas others found that haemorrhagic infarction,8«.ioo.io4.io7.i27 or
embolic stroke had the highest risk.'".9o.io7.ii8,i24.i27.i46 Some reported that not
stroketype but large infarct size,*o.ioo.io4,i37.i52 or cortical involvement of the
lesion'7'20.22.29,45,53,55,80,92,100,101,104,107,118.127.137.140,146.152,174,193

increased

t h e risk

of

seizures. Opinions on seizure recurrences also diverged. Some reported recurrent
seizures to be less frequent if the initial seizure occurred early after
stroke.M-'U-"4 The effectiveness of anti-epileptic drug (AED) therapy also varied
largely between studies. As early as 1967 Fine considered prophylactic treatment
with AED's in stroke patients when he wrote: "The question of prophylactic
anticonvulsants must be seriously considered in cases of hemiplegia secondary
to cerebrovascular disease. It will in due course be necessary to have extensive
trials in order to discover whether such an approach could prevent unnecessary
invalidism and hospitalization.""' Until now such trials have not been performed.
In conclusion: despite many reports on post-stroke epilepsy (PSE), due to the
above mentioned discrepancies in the literature, many questions on PSE remain
still unanswered, whereas PSE is an important health care problem that will
likely increase in the future, as the number of stroke victims will rise.
The incidence of epileptic seizures following stroke is probably not very high,
most authors agree on 6-8%. However, these figures have a greater impact when
one takes into consideration that cerebrovascular diseases are highly prevalent
and that they constitute one of the most frequent causes of epilepsy in the
elderly. In addition, epilepsy among the elderly is even more hazardous than
11

among the young because many elderly patients live alone, making the postictal
states especially dangerous. Besides, seizures increase the risk of bone fractures
due to concomitant osteoporosis. Furthermore, cognitive impairment related to
seizures or anti-epileptic medication*"'-'™'-'-"-'-" may superimpose on previous
intellectual deterioration leading to severe cognitive dysfunction and functional
dependency. Epileptic seizures may also lead to a transient or persistent
worsening of neurological deficit due to a stroke, because of a direct effect of the
seizure itself on the infarcted area, possibly by an excessive release of excitatory
amino acids.-•*•*'•'-•• All this implicates that seizure control is a major priority in
the management of patients with stroke, not only to prevent the known
complications of seizures, but also to prevent persistent neurological sequelae.
All these considerations emphasize the need for more extensive investigations
and careful treatment of patients with epilepsy following a stroke. Prospective
series of well-defined stroke patient subgroups could give more insight into the
impact of different factors involved in the development of post-stroke epilepsy,
and could also lead to identify high risk patients, in whom prophylactic antiepileptic drug treatment may be considered, not only to prevent seizures, but
possibly also to lower the chance of the development of a persistent epileptic
brain focus. Therefore, we decided to study the occurrence of and risk factors for
epileptic seizures in a /;w.v/)fc7/Y^ register of all adult patients presenting with a
first-ever-in-a-lifetime symptomatic supratentorial brain infarct. Brain infarct
patients were chosen, because they make up approximately 80% of all stroke
patients.'•*•-"''•*"' and they have a relatively favourable survival rate, and
consequently a relatively high risk to develop post-stroke seizures. We assumed
that infarcts in the cerebellum or brain stem (approximately 15% of all brain
infarcts) were not often associated with seizures, and therefore only patients with
a supratentorial brain infarct were included. The results of this prospective study
are described from chapter 3 of this thesis.
In chapter 2 the contribution of supratentorial brain infarction to the occurrence
of late onset epilepsy is studied in epileptic patients, registered in the Maastricht
Epilepsy Case Register, who had experienced their first epileptic seizure after
the age of twenty. The following questions are answered: what is the
contribution of supratentorial brain infarction to the occurrence of adult-onset
epilepsy: what is the time-course of seizure development in such patients: do
such patients sustain territorial infarcts more often than lacunar infarcts; can
"specific epileptogenic" cortical gyri be identified?
In chapter 3 the "Patients and methods" of the prospective stroke register study
are described extensively and demographic data are reported. To study the
relationship between brain infarct and epileptic seizures most accurately, only
patients with a //r.sv symptomatic supratentorial brain infarct were included and
followed. -4//V .«'/-//re' occurring after this first cerebral infarct was regarded as a
post-stroke seizure, despite the simultaneous presence of another possible cause
for the seizure, like metabolic disturbances or recurrent stroke. The frequency of
12

post-stroke seizures and seizure delay are described. The influence of age and
sex as possible risk factors is investigated, and the prognosis of post-stroke
seizures is described, both with regard to seizure recurrences and survival.
In chapters 4 and 5 risk factors for the development of post-stroke seizures are
explored in order to identify a high risk group of patients that will benefit from
anti-epileptic drug treatment after stroke to prevent the occurrence of post-stroke
seizures. In chapter 4 general risk factors are explored in all patients. In chapter 5
only the patients with a first-ever CT-confirmed symptomatic territorial brain
infarct involving the cortex are studied for the possible existence of specific
epileptogenic cortical areas.
In chapter 6 the influence of medication, other than anti-epileptic drugs, on the
occurrence of post-stroke seizures is explored. The results of this chapter may
not only be helpful in defining high risk groups more accurately, but also
indicate what drugs should especially be avoided in stroke patients to lower the
risk of post-stroke seizures.
Finally, in chapter 7 the characteristics of high risk patients are described, and
some practical guide-lines to lower the risk of post-stroke seizures are provided.

In summary the purposes of this thesis are:
• to establish the frequency and prognosis of post-stroke epilepsy in a
prospective series of a well-defined stroke patient subgroup: patients with a
first symptomatic cerebral infarct
• to identify clinical and CT-scan features involved in the development of poststroke seizures following a first cerebral infarct
• based on this data, to provide rational guide-lines for the treatment of patients
with a first-ever symptomatic cerebral infarct to lower the risk of post-stroke
seizures
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Adapted from:
Heuts-van Raak EPM. Boellaard A, de Krom MCTFM. Lodder J.
Supralentorial brain infarcts in adult-onset seizures;
the Maastricht Epilepsy Case Register.
Seizure 1993; 2: 221-227.

As described in the general introduction in 11 to 54% of adult epilepsy patients a
prior stroke is the probable cause for their epileptic seizuresA-"-"-^-^-**-"-•"•'••
I5o.i67.i72 Besides differences in study methods and patient inclusion criteria
(especially age), this large variation may in part relate to differences between
studies in the number of patients with different stroke subtypes, especially in the
era before the advent of computed tomographic head scanning, as the risk of
developing post-stroke seizures may vary with the type of stroke.*"**'" ' ^
Therefore, the contribution of the most frequent stroke subtype (supratentorial
brain infarction) to the occurrence of adult-onset epilepsy was retrospectively
studied in 680 epileptic patients, registered in the Maastricht Epilepsy Case
Register (MECR), who had experienced their first epileptic seizure after the age
of twenty. In addition the following questions were studied: is the contribution of
symptomatic supratentorial brain infarction to the occurrence of epilepsy in
adults related to age; what is the time-course of seizure development in such
patients; do such patients sustain territorial infarcts more often than lacunar
infarcts; can "specific epileptogenic" cortical gyri be identified, using a detailed
topographical brain atlas?

Patients and methods
Patients had been registered in the Maastricht Epilepsy Case Register (MECR).
The MECR started in 1983. aiming to register all patients with epilepsy living in
a geographically well-defined area in the southern part of the Netherlands (ZuidLimburg). Patients are registered by neurologists, paediatricians, and
psychiatrists, working in private practice, hospitals or other health care
institutes. On registration a standardized intake form is filled out including
among others the patients' sex, date of birth, date of first seizure, number of
seizures, seizure type (according to the international classification of epileptic
seizures™), presumed cause for the epileptic seizures, date of starting antiepileptic medication, number of seizures before medication, type of medication,
electroencephalogram (EEG) abnormalities, as well as some items related to
socioeconomic status and occupation. The included presumed causes of epilepsy
are: birth-trauma: meningoencephalitis; metabolic encephalopathy; stroke or
cerebral atherosclerosis; head trauma: cerebral tumour; aneurysm: any other
specific cause; unknown cause. Patients are only registered after informed
consent; all information is handled in a strictly confidential manner, monitored
by the MECR monitoring committee. A follow-up form is filled out on each
follow-up contact. This form registers among others the number and type of
seizures since latest follow-up, and any change in medication. All forms are sent
to the central office in Maastricht where they are checked for completeness, and
stored in the data bank. We estimated that at the time of the present study the
number of patients registered with the MECR was not complete. Therefore, and
in the absence of a population census, we decided that the MECR was not yet fit
16
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for proper epidemiological study on post-stroke epilepsy, although patients most
likely missing were those under the age of twenty, because of minimal patient
attribution to the MECR by paediatricians so far. However, in our opinion, the
MECR was yet suited to estimate the frequency of epilepsy following a brain
infarct relative to all causes.
For practical reasons, one of which was that at the time of the study most of the
patients in some parts of the study area would not have had CT, the study was
limited to two of the major hospitals' adherent populations. Heerlen and
Maastricht. For the aim of the study the query was restricted further to those
MECR patients who had experienced their first seizure after the age of twenty;
680 patients fulfilled this requirement, of whom 101 had "stroke or cerebral
atherosclerosis" listed as presumed cause of epilepsy. We considered "postinfarct epilepsy" as one or more epileptic seizures at any time following a
symptomatic (with clinical signs and symptoms) supratentorial brain infarct,
without any other cause than the sustained stroke, in a patient not already
suffering from seizures before this stroke. CT either showed evidence of a
sustained territorial, lacunar. or striatocapsular infarction, or was without a
specific lesion. After studying the medical records of the 101 patients with
"stroke or cerebral atherosclerosis", 65 patients met our inclusion criteria. Of
these patients the following data were collected: sex. stroke-date and age at the
time of stroke, time between stroke and last follow-up or death, age at first
seizure, time between stroke and first seizure, number of seizures, if and when
patients received anti-epileptic treatment, and time between stroke and CT.
Cerebral CT scans were reviewed and in territorial lesions on CT the affected
cortical gyri were identified according to Bories' method.-? Five patients
experienced a recurrent stroke before the first seizure; in three of them the
recurrent stroke was considered most likely to be related to the occurrence of the
seizures, because of the rather long time-interval between first stroke and first
seizure. In the two remaining patients the first stroke was used as the index
event.

Results
Of the 65 patients with post-infarct epilepsy registered in the MECR. 46 were
men (71%) and 19 were women (29%). Median follow-up (time between stroke
and last contact or death) was 5.5 years (range 117 days - 17.2 years). The
distribution (in decades) of age at the time of the first seizure of all 680 patients,
and those suffering from post-infarct epilepsy is shown in table 2.1. Median age
in the post-infarct epilepsy group was 65 (range 33-90) years. In seven patients
the exact stroke date was unknown: in five of them CT was performed, a lesion
compatible with sustained infarction was seen in four. In the remaining 58
patients the median delay between stroke and the first post-stroke seizure was
7.5 months (range 0 days - 8 years).
17

Tab/e 2.7;

4ge af f/rsf se/zure /'n paf/enfs reg/sfered /n f he MECf?

Age in
years

All patients (%)

(31)
(20)
(13)
(14)
(12)

6

(9)

13
21

(9)

16

5

(20)
(32)
(25)
(8)

65

(100)

20-29
30-39
40 - 49
50 - 59
60-69
70-79
2 80

209

5

(1)

Total

680

(100)

7ab/e 2.2:

138

86
96
82
64

Percentage of
post-infarct
epilepsy

Patients with
other causes (%)

83
61

(34)
(22)
(13)
(13)
(10)

100%

48
0

(8)
(0)

10%

615

(100)

0

10)

0%

209

4

(6)

3%

134

7%

80

14%
26%
25%

77me befween sympfomaf/c suprafenfor/a/ bra/n /nfarcf and f/rsf se/zure
/n 58 of 65 paf/enfs w/fh posf-/nfarcf ep//epsy, reg/sfered ;n fhe /WECr? C/n
seven paf/enfs f/me of sfrofce nof cerf/f/ed)

Seizure delay
0 - 24 hours
1 day - < 2 weeks
> 2 weeks - < 1 year
> 1 year - < 2 years
> 2 years
"£V//"/v"

Patients with postinfarct epilepsy (%)

Number of patients

Percentage

9
5
22
11
11

15
9
38
19
19

"/«/f" .«"/'c

Nine patients had their first seizure at stroke onset. Early seizures were never
single. Table 2.2 shows seizure delay in more detail. If we consider "early"
(<2 weeks) and "late" (>2 weeks) seizures, then half of the late seizures
developed within the first year post-stroke, whereas 25% developed later than
two years post-stroke. All of the fourteen patients with early seizures received
anti-epileptic treatment, that was started after a median of two (range 1-6)
seizures, and continued at the time of the study in all patients. Eight of these 14
patients (57%) experienced one or more recurrent seizures despite anti-epileptic
treatment. Three of the 44 patients (7%) with late seizures received no antiepileptic treatment at all following their first seizure, and were without
recurrences during a median follow-up of 18 months. The remaining 41 patients
with late seizures received anti-epileptic treatment, which was started after a
median of two (range 1-6) seizures, and continued at the time of the study in 37
patients. Twenty-eight of these 41 patients (68%) experienced one or more
recurrent seizures despite anti-epileptic treatment.
18
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Eight patients (12%) experienced a single, late seizure, after a median of 2.1
years (range 34 days - 7 years) following stroke. Five of them were treated with
anti-epileptic drugs, three not. Their median age at the time of stroke was
70 (range 52-84) years. Fifty-seven patients (88%) had two or more epileptic
seizures following stroke, in fourteen of whom (25%) the first seizure had
occurred early (early seizures were never single). Median delay between stroke
and first seizure in these patients with multiple seizures was 6.9 months (range
0 days - 8 years), median age at the time of stroke was 63 (range 33-90) years.
All were treated with anti-epileptic drugs and thirteen (23%) experienced no
more seizures after initiation of the treatment.

Fifty-two patients (80%) had one or more CT scans. Of 41 patients (79%) the
scans were available for the study. Median delay between stroke and CT was
15 days (range 0 days - 11 years). Thirty-eight scans showed at least one lesion
compatible with sustained infarction. Table 2.3 shows the number of patients
with different infarct types on their CT. Table 2.4 shows the affected gyri in the
middle cerebral artery (MCA) territory infarcts involving the cortex (N=26)
according to Bones' templates.-? Either one of the three most frequently affected
gyri was involved in all of these 26 patients. The affected gyri in the posterior
cerebral artery (PCA) territory (N=9) are also shown in table 2.4.

7ab/e 2.3: /nfarcf fypes on C7" /n 38 paf/enfs vWfh posf-bra/n-/nfarcf ep/7epsy
Infarct type
Cortical infarct(s) only'
Lacunar infarct(s) only^
Cortical and lacunar infarct
Cortical and striatocapsular infarct
Cortical and watershed infarct

Number of patients

Percentage

28
6
2
1
1

74
16
5
3
3

1) Six had two infarct-.: 2) Three had two infarels. one had seven infarcts
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Tab/e 2.4: Frequency of affected corf/ca/ gyn /n 23 posf-/nfarcf ep/7epsy paf/enfs
vv/fn MC/A /nfarcf, 6 w/fh PC/4 /nfarcf, and 3 vwfh /nfarcfs ;'n both
ferr/fones

Gyrus

MCA (26 patients)
N

Orbital
Superior temporal
Middle temporal
Inferior temporal
Middle frontal
Inferior frontal
Precentral
Post-central
Supramarginal
Angular
Occipital lobe
Superior parietal lobule

Gyrus

2

8

15

58

16

62

3

12

4

15

7

27

16

62

12

46

20

77

12

46

2

8

3

12

PCA (9 patients)
N

Parahippocampal
Fusiform
Uncus
Occipital lobe
Cingulate
Lingual
Cuneus
Precuneus

2

22

3

33

0

0

4

44

1

11

5

56

2

22

0

0

Discussion
At the time of the present study approximately 60 per cent of all adult patients
with epilepsy in our study area had been registered with the MECR. This
estimation is based on data from the study by Hauser and Kurland*- who found
an overall epilepsy prevalence rate of 1:185 (0.54%), data from a recent Dutch
prevalence rate estimate of 1:196 (0.51%) by Van de Lisdonk et al..'"'' and data
from demographic figures acquired from the Dutch Central Statistical Office. By
assuming that an overall prevalence rate of 0.54% is similar to a rate of 0.51%,
and that the age-distribution of the total population in Rochester corresponds
with that of the adherent populations of Heerlen and Maastricht, we found the
population based study by Hauser and Kurland**- suited for comparison with our
adherent populations. Therefore the age-specific prevalence rates from the study
by Hauser and Kurland were applied to the age-specific population figures of our
study area (acquired from the Dutch Central Statistical Office) and for each agegroup the number of patients that would have been registered if all the patients
with epilepsy in our study area would have been included in the MECR was
determined. By comparing these expected figures with the actually registered
patients, it appeared that the children between 0 and 9 years were severely
underreported, whereas of the patients with epilepsy over the age of twenty
61 per cent of the expected number had been registered.
We were primarily interested in the question how much ischaemic stroke, that
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makes up approximately 80 per cent of all strokes.w.23.63.86 contributed to the
occurrence of epilepsy in adults related to age. Our overall percentage of 10
(95% CI: 8-12) is low compared to similar studies.0--w.53.59.8s.88.112.115.150.i67.172 The
fact that only patients with a clear history of stroke most likely due to a
supratentorial brain infarct, with compatible CT. were included, probably
accounts for this difference. Moreover, patients with cerebral haemorrhage,
those with vertebrobasilar stroke, and those with the rather vague description of
"cerebral atherosclerosis", a presumed diagnosis often applied when elderly
patients suffer seizures without apparent cause, were excluded. Nevertheless,
some of our patients without CT and some with CT performed later than two
weeks following stroke, still might have suffered small cerebral haemorrhage, as
sustained infarction cannot always fully reliably be differentiated from a scar left
from haemorrhage.^ as CT scanning later than approximately two weeks
following stroke may not differentiate reliably between infarction and
haemorrhage.^ However, if so, we expect this number to be low, probably not
biasing our final results. Table 2.1 shows that with increasing age at first seizure,
brain infarction as the presumed cause of epilepsy increases as well,
undoubtedly reflecting increasing frequency of stroke with increasing age. Thus,
almost one quarter of epilepsy patients with first seizure after the age of 50
sustained a prior brain infarct accounting for their epilepsy.
Sixty-two per cent of our patients experienced their first seizure within one year
(24 per cent even within two weeks), and 81 per cent within two years following
brain infarction. This differs from other studies that found 38 - 100 (median 73)
per cent within one year, and 75 - 100 (median 100) per cent within two years
following brain infarction.^''W9.6o.8o.9().i37.i4().i46.i7h Trie longer period before first
seizure in our series is possibly related to the prolonged follow-up with a median
duration of 5.5 years, and to the above mentioned differences in study methods.
Time between stroke and first seizure in hospital series is likely to be shorter
compared with a register as ours, because hospital series likely include patients
with seizures at stroke onset more often, as well as patients who develop seizures
and eventually die following stroke. Compared with earlier series our study
might also have registered more patients with late onset post-stroke epilepsy
because of increasing stroke survival over the past decades.*^-'-"-'-**
There is no consensus in the literature about what the term "post-stroke epilepsy"
signifies. Most authors do not provide a clear definition, whereas some"-'
suggest the term should be restricted to indicate recurrent seizures following a
stroke, but not in the early phase, which is often arbitrarily set at the first two
weeks post-stroke. However, the occurrence of late seizures is undoubtedly
influenced by anti-epileptic treatment in patients with early seizures. Such
treatment is most likely to be initiated in cases with multiple early seizures, as
was the case in our study. Therefore, we adopted a pragmatic approach in
describing different aspects of post-brain infarct seizures rather than adhere to an
arbitrary definition of post-stroke epilepsy. Early seizures may indicate an
increased risk of seizure recurrences (post-stroke epilepsy)."" Fifty-seven per
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cent of our patients with early seizures had seizure recurrences, and could be
considered to have developed epilepsy, the more so because seizures recurred
despite anti-epileptic treatment. The size of the stroke population our patients
stem from is unknown. However, considering that the NINDS Stroke Data
Bank-^ found subsequent seizures in only 6.5 per cent of their stroke patients,
our 44 patients that developed late seizures likely represent a very low
percentage of all stroke patients without early seizures. This supports the
assumption that stroke patients with early seizures are more likely to develop
"post-stroke epilepsy" than those without. Prospective stroke register data,
however, could more reliably confirm such association. Such data are analysed
in the following chapters of this thesis.
Our patients with multiple seizures were younger than those with a single
seizure, whereas the delay between stroke and first seizure was shorter in those
with recurrent seizures. Although the numbers are small, our data may indicate
that younger age at stroke is related to earlier, recurrent seizures.
Lacunar infarcts are considered an unlikely cause of post-stroke epilepsy,**- but
not by all authors/*-'-"-'™ Among our patients with an infarct on CT twenty eight
had territorial infarct(s) only, four had either lacunar or large subcortical infarcts
as well, whereas six had lacunar infarcts only. Should lacunar infarcts cause
seizures as often as territorial infarcts do, we would have expected to find
lacunar infarcts in our series in a similar proportion as they cause
supratentorially located brain infarcts, which is approximately 40 per cent.-s
Instead we found (6 of 38) 16 per cent. Therefore we consider lacunar infarcts an
unlikely, although a not proven impossible cause of post-stroke seizures.
Lacunar infarction might merely reflect more severe generalized cerebral small
vessel disease, or more widespread cerebral vascular disease.'*-*-"'-"-'™•'">.i67.i76
that could lead to epilepsy in some cases by more generalized rather than focal
disturbances, such as: decreased activity of the enzyme ATP-ase, damage to
calcium channels, the GABA-ergic inhibitory system, or to receptors involved in
excitatory brain activity, disturbing the delicate balance between excitatory and
inhibitory neural mechanisms in favour of excitation.^.x-». 1:1.129.163 still, some
parts of the brain may be particularly susceptible to the development of epileptic
activity, like the hippocampi and the sensorimotor cortex.'-^ Using a detailed
topographic brain atlas-'' we found that some gyri, especially those located in the
MCA territory, were more often affected than others. The finding that in 77 per
cent of our MCA territory infarct patients the supramarginal gyrus was affected
might indicate that this gyrus is especially associated with the development of
seizures, as was shown in patients with traumatic brain damage for the central
parietal region.•^•"<>-'-''->'*>.i'" However, overall we failed to identify "specific
epileptogenic" gyri. That some gyri located in the MCA territory were more
often affected than others might merely reflect the high frequency of infarction
in this brain vascular territory, a possibility that can only be studied from
comparing stroke patients developing seizures with those who do not. as was
pursued in chapter 5 of this thesis. On the other hand, complete destruction of an
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area with a low seizure threshold might "protect" against epileptic activity. The
fact that large cortical infarcts with persisting paresis cause epilepsy more often
than small ones'" could be due to more frequent involvement of the
supramarginal gyms, but also to the more extended cortical damage in such
infarcts.
Prospective series of well-defined stroke patient subgroups could give more
insight into the importance of different factors involved in the development of
post-stroke seizures, and could also lead to identify high risk patients, in whom
prophylactic anti-epileptic drug treatment could be considered, not only to
prevent seizures, but possibly also to lower the chance of development of a
persistent epileptic brain focus following stroke. In the next chapters of this
thesis such a prospective study is analysed.
So far, from this retrospective study we may conclude the following: 1) Brain
infarction as the presumed cause of epilepsy increases with increasing age at
first seizure. 2) In approximately one quarter of epilepsy patients with the first
epileptic seizure after the age of 50, epilepsy relates to sustained symptomatic
brain infarction. 3) Eighty one per cent of the patients with seizures following a
brain infarct experienced their first seizure within two years following brain
infarction. 4) First seizures that occur early following supratentorial brain
infarction in relatively young stroke patients seem to have a high recurrence rate
despite anti-epileptic drug treatment. 5) Stroke patients with early seizures are
more likely to develop late seizures (post-stroke epilepsy) than those without.
6) Seizures following a brain infarct are associated mainly but not exclusively
with infarcts involving the cortex. 7) Although some cortical gyri were
frequently affected, especially the supramarginal. precentral, middle temporal
and superior temporal gyrus. no cortical area emerged convincingly as "specific
epileptogenic".
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As stated in the general introduction the frequency of so-called post-stroke
epilepsy varies between studies from zero to more than 50%.'?-''^o-29.36.37.4547.54.55.58.69.83.88.90, UK). 102. KM.113.118.124.127.136.137.140-142,146.154-156.166.168.174.188.193

variability probably reflects differences in selection of populations studied, in
duration of follow-up, and in the definition of what post-stroke epilepsy
signifies. Most studies were retrospective, and many were performed prior to the
CT-scan era, or based on small numbers. Some investigators included also
patients with a prior history of epilepsy, whereas others excluded patients with a
single post-stroke seizure. Some studied only seizures occurring during the first
weeks after stroke, whereas others studied seizures occurring later than one
month. The distinction between such "early" and "late" seizures following a
stroke was not uniform, varying from a cut off point at one week to one month
post-stroke, to no distinction at all. The cut off point was often arbitrarily set at
two weeks post-stroke.-**"-™-'"'-"-' However, this distinction may be important, as
early seizures may be caused by a disarrangement of several non-cerebral
factors, such as electrolyte imbalance, acid-base disturbances, etc, whereas late
seizures may be regarded as "real" post-stroke epilepsy primarily due to "scar
formation".-*'.45.46.53.61.80,92.107.113.152.176 Besides this difference in pathogenesis,
early and late seizures may also differ in prognosis, and early seizures may
predict the occurrence of late seizures,'"' justifying the distinction between early
and late seizures.
Which particular factors influence the occurrence of epileptic seizures following
a stroke is still unknown. Whether seizures relate to stroke subtype remains
uncertain, due to the difficulty in distinguishing embolic from thrombotic stroke,
to the small number of patients in most series, and to the fact that location, size
and type of stroke on CT scan have scarcely been studied. Some authors noted a
higher incidence of seizures in patients with cerebral haemorrhage,-^-^-'""-'-' or
with haemorrhagic infarction,*--»'-"»-"'-*-'^ or with embolic stroke.'*>-'<"."8.i24.i27.i46
Others reported similar frequencies in patients with thrombotic and embolic
stroke.^.w.ioi).i25.i66 Large infarct size was reported to increase the risk of
seizures,*"-'""-'"-*-'"-'" as w a s cortical

i n v o l v e m e n t . 17.20.22.24.45.53.55.80.92.100.101.104.

Ii8.i27.i37.i4o.i46.i52.i74 However, seizures are also reported in patients with lacunar
infarcts.9-".i4i.i5o.iMU67.i76 Some investigators found a clear predominance of
males in developing post-stroke seizures (PSS),^.69.i37 whereas others found a
female predominance'"- or similar frequencies in the two sexes.""-"» Data on
the age-distribution of patients with and without PSS have scarcely been
reported. However, the authors who did provide information on age, found no
differences in age-distribution between patients with early PSS and those
without.-*^'* nor between patients with early or late PSS and those without
seizures.'"-* •'-'
The prognosis of post-stroke seizures, concerning mortality and seizure
recurrence, is not clear. Although a higher mortality in patients with seizures has
been described,-" most investigators found that early seizures were not
associated with a higher mortality or worse functional outcome. "•''>••»''•""»•"" With
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regard to seizure recurrences opinions are controversial: some found that
patients with early seizures are less likely to develop recurrent seizures than
patients presenting with late seizures,ss.'07.ii3,ii5.i24.i66 whereas others reported a
high risk of seizure recurrence in patients with early seizures.so.83.ioi. 173 However,
the current opinion is that chronic epilepsy develops more often among patients
with a first late seizure than among those with a first early seizure.6'-«-'»-ii3.ii5.i76
The indication for anticonvulsant drugs in patients with post-stroke seizures
remains controversial, and the efficacy of anti-epileptic drug (AED) therapy in
post-stroke epilepsy has not been established yet. Some reported that early
seizures usually resolve spontaneously and that AED's are not indicated.'"''"'''
Others found that early seizures are readily controlled with AED's,»" whereas
Louis et al."-' found that early seizures were "refractory to medication but
fortunately resolved spontaneously". Most authors reported that late seizures
were easily controlled with AED's,""-" •'•'•'* but others found that up to 60 per cent
of treated patients continued to have seizures despite "adequate" AED treatment.
Because of the above mentioned discrepancies in the literature it remains
uncertain what factors influence the occurrence of seizures following a stroke.
Therefore we decided to study the occurrence of epileptic seizures in a
/jroj/jfrr/i'é' register of all adult patients presenting with a first-ever-in-a-lifetime
symptomatic supratentorial brain infarct. In this chapter the "Patients and
methods" are described and demographic data reported.

Patients and methods
Patients were registered between 1 July 1987 and 1 July 1992 in an ongoing
prospective register at the University Hospital Maastricht, that includes all adult
patients admitted to the Neurological Department or seen at the outpatients'
clinic, with a first-ever symptomatic supratentorial brain infarct with symptoms
lasting longer than 24 hours. The University Hospital is the only hospital in the
Maastricht region and has an adherent population of approximately 190,000
people.

77;f

Patients with a history of former stroke, those with cerebellar or brainstem
stroke, primary intracerebral haemorrhage, subarachnoid haemorrhage, or brain
tumour were not included. Brain infarction was defined as the rapid onset of
clinical signs of focal cerebral function disturbance, lasting longer than 24 hours
or leading to death, with no other apparent cause than that of vascular origin,
with normal CT or CT showing an area of low attenuation compatible with the
clinical signs and symptoms, or autopsy revealing an infarct compatible with the
clinical signs and symptoms."-'-^ When neither CT nor autopsy were available,
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we used the Guy's Hospital Stroke Diagnostic Score (Allen score)' to determine
the probability that the stroke was due to infarction. Patients with an Allen score
less than four, i.e. with a probability of 90 per cent or more that their stroke was
due to infarction, were included in the register.'•"
All patients were examined as soon as possible after hospitalization or at the first
outpatients' clinic visit. In addition to personal data, such as age and sex, clinical
infarct syndromes were recorded."".no A distinction between lacunar and
cortical syndrome was made. We distinguished four lacunar syndromes: pure
motor syndrome, sensorimotor syndrome, pure sensory syndrome, and
dysarthria-clumsy hand syndrome/ataxic hemiparesis cases."*- Cortical
syndrome was recognized in patients with signs of cortical dysfunction (aphasia,
visual field deficit, visuospatial problems, apraxia. neglect, forced gaze, agnosia)
alone or in combination with unilateral motor and/or sensory deficit. The degree
of handicap at first examination was measured using the modified Rankin scale
(see Appendix). 13.14.131.14.1.179 Medication taken at the time of stroke was noted
and the patient's medical history was reviewed with special attention to prior
signs and symptoms of stroke or brain tumour (exclusion criteria), a history of
epileptic seizures, chronic obstructive pulmonary disease (COPD), and vascular
risk factors such as hypertension, diabetes mellitus, and ischaemic heart disease.
Definitions for these vascular risk factors are given in chapter 4. The occurrence
of epileptic seizures during hospitalization was noted.
Patients had routine investigations including standard blood and urine tests,
electrocardiography (ECG), chest radiography, non-invasive carotid studies
(Duplex scanning, multigated pulse Doppler with spectral frequency analysis, or
continuous wave Doppler), and cerebral CT scan. Echocardiography, 24 hour
electrocardio-graphic monitoring (Holter) and cerebral angiography were
performed in selected patients. Not all patients had non-invasive carotid studies:
those who were too ill to cooperate, who had major cognitive defects that did not
allow reliable examination, or who died before the test could be performed. In
some patients however, the examination was not performed without specific
reason.
Cerebral CT scans were independently reviewed by two neurologists without
knowledge of the clinical data, except that the patient was in the register. CT
delay, number and type of abnormalities and affected hemisphere were noted.
For every infarct visible on CT, infarct type (lacunar, striatocapsular or
territorial), size, location, and whether it was haemorrhagic were determined.
The presence of leukoaraiosis was also noted. In case of disagreement on the
presence of an infarct or leukoaraiosis CT was regarded as negative for this
particular item. A /aiHm/r //i/im7 was defined as a subcortical. small, sharply
marginated hypodense lesion in the paraventricular centrum semiovale, the
internal capsule or basal ganglia,-' with a diameter of less than 20 mm on CT,
most likely due to occlusion of one single perforating artery." a .vrnY/tocfl/xw/a//•«/«/rf as an infarct with a diameter greater than 20 mm on CT, not involving the
cortex and not compatible with occlusion of one single perforating artery, and a
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//;ƒ«/•(•/ as a hypodense lesion compatible with a territory supplied by
the main stem, or the cortical or medullary branches of one of the three large
cerebral arteries. Definitions for infarct-size and infarct-location are given in
chapter 5.

After reviewing the CT scans, for every patient CT findings were combined with
clinical data to determine which infarct on CT was the symptomatic one. An
infarct was considered 5vw/7/o/n«//c- if located in the clinically affected
hemisphere, in an area that could account for the neurological signs and
symptoms, whereas the radiologically estimated age was consistent with the
time of clinical symptoms of the index stroke (old lesions being more
hypodense. more sharply delineated, or showing signs of retraction of brain
structures towards the lesion site). All other visible infarcts not complying with
this definition were considered to be ".v/'/o;/" brain infarcts.
Subsequently, patients were assigned to one of four infarct sub-groups. First,
patients with a "rare" stroke-cause, such as vasculitis, fibromuscular dysplasia,
arterial dissection, coronary bypass surgery with complications, haematologic
disorders, etc, were assigned to the //;/««7 u/7/? o rare* £'rt//.sr #/T>M/J, regardless
clinical syndrome and CT features. Then, of the remaining patients, all patients
with one of the four lacunar syndromes without CT or in whom CT showed a
symptomatic lacunar infarct, or no specific lesion, were assigned to the /«r/w/w
//j/Jj/rf grawp, regardless the presence of a potential cardiac source of embolism
or carotid stenosis. Patients with a cortical syndrome but a symptomatic lacunar
infarct on CT were also assigned to the lacunar infarct group. Patients with a
cortical syndrome without CT or with CT showing a symptomatic territorial or
striatocapsular infarct, or no specific lesion, were assigned to the /f/r/tor/V//
in/fl/r/ £/w//?, as were patients with a lacunar syndrome in whom CT showed a
symptomatic territorial or striatocapsular infarct. Striatocapsular or large
subcortical infarcts were included in the territorial infarct group, because of the
similarity in clinical features and pathogenesis. These territorial infarcts were
further divided according to their presumed cause: a cfl/r//w/;;/w//r ft'm'/onV//
//;/i:/«7 (C£j was defined in patients who had one of the following potential
cardiac sources of embolism in their medical history, on ECG, or
echocardiography: chronic or intermittent ECG confirmed atrial fibrillation; left
ventricular myocardial infarction within six weeks preceding stroke: left
ventricular or atrial thrombus: left ventricular aneurysm; left ventricular akinetic
segment: cardiomyopathy: mitral or aortic valve abnormalities (endocarditis,
mitral stenosis, prosthetic aortic or mitral valves): and in young patients without
any other specific stroke cause: atrial septal defect, ventricle septal defect. The
remaining patients with a non-cardioembolic symptomatic territorial infarct
(presumably large vessel disease, i.e. atherothrombosis or artery-to-artery embolism
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whether or not confirmed by non-invasive carotid studies) were considered as
one group and assigned to the /•ema/mng /e/r/tor/a/ m/a/rtt growp

Follow-up was aimed at every 3 to 6 months. On every follow-up handicap was
measured using the modified Rankin scale. Special attention was paid to stroke
recurrences, and the occurrence of epileptic seizures.^ A/zv se/cMre occurring
after the first symptomatic supratentorial brain infarct was regarded as a poststroke seizure. As we felt that different seizure types could not always reliably be
ascertained, no subdivision as to seizure type was pursued. In case of an
epileptic seizure (both during hospitalization and following discharge), date,
delay between stroke and first seizure, description of the clinical signs and
symptoms, anti-epileptic treatment, and possible causes for the seizure
(metabolic or electrolyte disturbances, hypoxia or respiratory insufficiency,
drug-induced, head trauma, subdural haematoma, recurrent stroke) were
recorded. With regard to the number of seizures we only distinguished between
single and multiple epileptic seizures. A status epilepticus'^ was classified as
multiple seizures, notwithstanding the fact that some patients in whom the first
seizure developed into a status epilepticus experienced no more seizures.
Information on patients discharged to nursing homes was collected by visiting
the nursing homes every 6 to 12 months. Information on patients unable or
unwilling to visit the neurological outpatients' clinic, was collected by telephone
from the patient or a close relative, from the attending general practitioner, and
from reviewing their hospital files. During the first six months of 1993 of every
patient still alive final follow-up data were gathered, aiming at a follow-up of at
least six months for every patient still alive. Of the patients who had died date
and cause of death were noted. Duration of follow-up was defined as number of
days between stroke and final follow-up contact for the patients still alive, and as
number of days between stroke and death for deceased patients. Exposure time,
expressed as number of days that the patient was at risk for developing poststroke seizures, was equal to follow-up time for those who did not develop
seizures, and was defined as number of days between stroke and first epileptic
seizure for the patients who developed post-stroke seizures.

The aim of this chapter is to describe demographic data such as age and sex by
simply counting the number of patients with seizures in different age- and sexgroups, and comparing the percentages of patients with seizures in the different
subgroups. The frequencies of epileptic seizures and the features of the patients
who developed seizures are described. Differences in male/female ratio, age30
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distribution, median follow-up times, and seizure delay were analysed using the
distribution-free, nonparametric Mann-Whitney Test."'' In this follow-up study
with varying lengths of exposure times and a time dependent outcome variable
(the occurrence of seizures following a cerebral infarct) the Odds Ratio
(OR)-"- '^ cannot be used to estimate the relative risk and describe the difference
between risk factor subgroups, but the Incidence Rate Ratio (IRR) has to be used
instead.''*' The IRR is a statistical method that accounts for differences in
exposure time. Therefore, differences between the different risk factor subgroups
were analysed using IRR's with 95% confidence intervals (CI) and two-tailed
p-values. Besides age and sex. delay between stroke and first epileptic seizure,
the number of seizures, treatment with anti-epileptic drugs, the occurrence of
late seizures following early seizures, and survival of patients with and without
seizures were noted. The contribution of post-stroke seizures to mortality after
stroke was statistically adjusted for interaction of other prognostic variables by
means of a Cox regression analysis (proportional hazards model), a specific
regression model for survival data, able to handle censored data (incomplete
observations) and varying lengths of follow-up, and consequently varying
lengths of exposure times.-*-"''-"-' The Cox regression procedure estimates
proportional hazard regression models for time-constant covariates. However,
seizures do not occur at the same delay following stroke for every patient,
whereas the patient is at risk only from the moment of his first seizure.
Therefore, the contribution of post-stroke seizures to mortality is timedependent. Consequently, the Time-Dependent Cox Regression Analysis was
used.''^ This procedure analyzes proportional hazards models containing a
covariate whose values change during the course of the study.

Results
During the intake-period of five years, 816 patients with a first-ever
supratentorial brain infarct were registered. However, thirteen patients (1.6%)
with epileptic seizures before this first stroke were not at risk for developing a
first post-stroke seizure, and were therefore excluded from the study. Two
patients (0.2%-) were lost to follow-up after 20 and 72 days respectively. As the
remaining patients were all followed till final follow-up visit or prior death these
two patients were excluded. Finally, there were 31 patients (3.8%) who suffered
an infarct with a rare stroke cause. Since these patients constitute a rather
heterogeneous group, we decided to exclude them, leaving 770 patients (94.4%-)
at risk for developing post-stroke seizures. This thesis describes the findings in
these 770 patients.
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There were 402 males (52%) and 368 females (48%) with a median age at the
time of stroke of 72 (range 26-96) years. Median follow-up for a// patients was
618 (range 1-1998) days, with a median number of 3 (range 1-20) follow-up
visits per patient. However, during follow-up 293 patients (38%; 95% CI: 35-42)
died after a median of 172 (range 1-1897) days; they had had 2 (range 1-14)
follow-ups, 48% were male and the median age at the time of stroke was 78
(range 39-96) years. The 477 patients (62%; 95% CI: 58-65) still alive at the end
of this study were followed for 863 (range 195-1998) days; they had had a
median of 5 (range 1-20) follow-up visits per patient, 55% were male and the
median age at the time of stroke was 68 (range 26-92) years. As expected,
patients who died were significantly older and their length of follow-up was
significantly shorter (Mann-Whitney test p = 0.000 for both variables). However,
there were no differences in male/female ratio between the patients who died and
those who were still alive (Mann-Whitney test p = 0.054). Table 3.1 shows that
the intake of the 770 patients was rather constant during the five study years, as
was the percentage of patients that developed first post-stroke seizures every
year.

During follow-up 84 patients (11%; 95% CI: 9-13) experienced one or more
epileptic seizures after a median of 149 (range 0-1848) days. In seven of the 84
patients with PSS the first epileptic seizure developed into a status epilepticus.
According to our definition they were assigned to the multiple seizures group,
notwithstanding the fact that four of them (all treated with AED's) experienced
no more seizures after this first event. Twenty-four patients with seizures (29%;
95% CI: 19-38) had an additional potential cause for their seizure(s), which was:
head trauma in two patients (in one with subdural haematoma); drug-induced in
17 patients (they used theophylline); poor condition due to pneumonia, fever,
apneas and electrolyte disturbances in four patients; and severe hypoglycaemia
of 1.5 mmol/1. due to disregulated diabetes mellitus, in one patient. However,
following our pragmatic definition, these 24 patients were not excluded from the
analyses. Likewise, in some patients, the occurrence of a recurrent stroke could
have been another additional potential cause for the development of epileptic
seizures. One-hundred-and-fifteen patients (15%: 95% CI: 12-18) had one or
more recurrent strokes during follow-up, of whom 22 developed PSS. However,
in half of these 22 patients the recurrent stroke occurred a/>er the first epileptic
seizure. Consequently these eleven patients belong to the group without
recurrent stroke before the first epileptic seizure. The remaining 11 patients
developed PSS (11%; 95% CI: 5-17) after a recurrent stroke, whereas 73 patients
of 666 patients without recurrent stroke developed PSS (11%; 95% CI: 9-13),
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7aö/e 3.7: /nfafce over fhe 5 sfudy-years and percentage w/fh f/rsf posf-sfro*re
se/zures Cpercenfages befween parentheses)
Intake year

Number of patients

Number with PSS

% with PSS (95% CD

1

124

(16)

14

(17)

11

( 6 - 17 )

2

142

(18)

18

(21)

13

(7-18)

3

151

(20)

19

(23)

13

(7-18)

4

180

(23)

18

(21)

10

( 6 - 14 )

5

173

(23)

15

(18)

9

(5-13)

770

(100)

84

(100)

11

(9-13)

Total 5 years

Tao/e 3.2: Genera/ features of paf/enfs w/fh and fhose w/fhouf se/'zures fo//ovwng a
f/rsf cerefora/ /nfarcf
All patients N=770

With seizures

Without seizures

Mann-Whitney
test p-value

Number of patients (% of total)

84

(11)

686

(89)

Males (% in group)

44

(52)

358

(52)

0.9732

Median age (range) in years

76

(40 - 88)

71

(26 - 96)

0.0221

Md seizure delay (range) in days

149

(0- 1848)

Md follow-up (range) in days

734

(8- 1897)

617

(1 - 1998)

0.7970

40

(48)

253

(37)

0.0559

Md death-delay (range) in days

225

(8- 1897)

170

(1 - 1781)

0.2453

Patients with seizures N=84

With early-onset

With late-onset

Mann-Whitney

seizures

seizures

test p-value

Deaths (% of group)

Number of patients (% of total)
Males (% in group)

28
15

(33)
(54)

56
29

(67)
(52)

0.8780

Median age (range) in years

81

(65 - 88)

73

(40 -87)

0.0004

1

(0- 14)

261

(18 • 1848)

0.0000

Md seizure delay (range) in days
Md follow-up (range) in days

377

(8- 1614)

972

(21 • 1897)

0.0006

Deaths (% of group)

17

(61)

23

(41)

0.0912

Md death-delay (range) in days

18

( 8 - 1068)

484

(21 • 1897)

0.0002
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Tab/e 3.3*: /4ge-d/sfr/buf/on and ma/e/fema/e raf/o of a//paf/enfs, and offhose
dei/e/oped posf-sfro/te se/zures PSS Cpercenfages befween parenfheses^
Age

Total number
of patients

Number
with PSS

26-39

75- 79
80- 84
85-89
90-96

11
11
24
23
51
70
121
146
125
106
67
15

(9)
(2)

0
2
3
4
4
1
12
10
21
19
8
0

Total

770

(100)

84

40- 44
45- 49
50-54
55-59
60- 64
65-69
70-74

(1)
(1)
(3)
(3)
(7)
(9)
(16)
(19)
(16)
(14)

(18)
(13)
(17)
(8)
(1)
(10)
(7)
(17)
(18)
(12)

(11)

Males
total N

Number
with PSS

4
9
10
20
36
49
71
84
53
40
21
5

0
1
1
4
2
1
8
8
8
8
3
0

402

44

(11)
(10)
(20)
(6)
(2)
(11)
(10)
(15)
(20)
(14)

(11)

Females
total N

Number
with PSS

7
2
14
3
15
21
50
62
72
66
46
10

0
1
2
0
2
0
4
2
13
11
5
0

(11)

368

40

(11)

(50)
(14)
(13)
(8)
(3)
(18)
(17)

/Wa/e/fema/e raf/o for a// paf/enfs: 52.2% ma/e and 47.8% female.
/Wa/e/fema/e raf/o for paf/enfs wv/fh se/zures: 52.4% ma/e and 47.6% fema/e.

7ab/e 3.3^: /4ge-d/sfr/buf/on and ma/e/fema/e raf/o of a//paf/enfs, and of
fnose tvho deve/oped PSS, summar/zed for fnree age-grotyps
Cpercenfages befween parenfhesesj
Age

Total number Number
of patients with PSS

Males
total N

Number
with PSS

Females
total N

Number
with PSS

26-64
65-74
75-96

190
267
313

(25)
(35)
(40)

14
22
48

(7)
(8)
(15)

128
155
119

9
16
19

(7)
(10)
(16)

62
112
194

5
6
29

(8)
(5)
(15)

Total

770

(100)

84

(11)

402

44

(11)

368

40

(11)
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which was not different. In accord with our study aim, in analysing these eleven
patients, the first symptomatic brain infarct was used as the index stroke.
Table 3.2 shows some general features of the patients with seizures and those
without. There were no differences in male/female ratio and length of total
follow-up between the patients who developed seizures and those who did not
(Mann-Whitney test p = 0.973 and p = 0.797 respectively). However, the agedistribution was significantly different between both groups (Mann-Whitney test
p = 0.022): patients with post-stroke seizures were significantly older than those
without. Therefore in table 3.3" the age-rf/.srnbw//o/i and mfl/c//emfl/« raf/o of all
patients and of those who developed PSS are shown in more detail. As age,
ranging from 26 - 96 years, had an uneven distribution (half of the patients were
between the age of 65 and 79), age-groups of five years were considered. There
was no predominance of one of the two sexes in developing PSS: in both groups
it was 11% with a 9.Wr CI of 8-14. Patients aged 40 - 54 (group 1), and those
aged 75 - 89 (group 3) had the highest risk for PSS (both 16% with 95% CI: 6-25
and 12-20 respectively), whereas of the patients younger than 40 or older than 89
no one developed PSS. Patients between 55 and 74 years of age (group 2) had a
risk of 7% (95% CI: 4-10). Using IRR's the difference between groups 1 and 2
was not statistically significant (IRR = 1.86; 957r CI: 0.88-3.96), whereas the
differences between groups 3 and 1 (IRR = 2.06: 95% CI: 1.01-4.21; p = 0.046),
and between groups 3 and 2 (IRR = 3.85: 95% CI: 2.40-6.17: p = 0.000) were
significant. Using 75 years as a cut-off point, patients younger than 75 years had
a risk of 8% (95% CI: 5-10), whereas patients aged 75 or older had a risk of 15%
(95% CI: 11-19) for developing seizures following a first-ever supratentorial
brain infarct. The IRR for patients from 75 years and older versus the younger
patients is 3.36 (95% CI: 2.18-5.17: p = 0.000).

Median delay between stroke and first epileptic seizure was 149 (range 0-1848)
days. In 28 patients (33%) the ./?/".?/ seizure occurred early (< 2 weeks poststroke); in 56 (67%) it occurred late (> 2 weeks post-stroke). Table 3.2 shows
some general features of the patients with early seizures and those with late
seizures. There was no difference in male/female ratio between both groups
(Mann-Whitney test p = 0.878). Age-distribution, on the other hand, was
significantly different: patients with early post-stroke seizures were significantly
older than those with late seizures (Mann-Whitney test p = 0.000). Total length
of follow-up was significantly different too: patients with late seizures had a
longer follow-up probably due to the fact that one quarter of the patients with
early seizures died within two weeks following stroke (Mann-Whitney test
p = 0.001). Delay between stroke and the first seizure was significantly different
by definition.
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£ar/v .sWzMre.v occurred after a median of one day after stroke (range by
definition 0-14 days). In 25 patients (89%) with early seizures the first seizure
occurred within one week; 19 of them had the first seizure in the acute phase
after stroke (the first 72 hours), eleven even within the first 24 hours. Three
patients (11%) with early onset seizures had their first seizure during the second
week post-stroke.
Late onsef seizure.? occurred after a median of 261 (range 18-1848) days. Thirtyseven patients (66%) had their first seizure within the first year after stroke
(median delay 0.5 year), eleven (20%) during the second year (median delay
1.3 years), and eight patients (14%) had their first seizure later than two years
after stroke (median delay 2.9 years, range 2-5 years).
Table 3.4 shows seizure delay for the whole group. In table 3.5 the median
seizure delay in days per age-group of five years is given, showing a decrease in
median delay between stroke and first epileptic seizure with increasing age at
stroke-onset. From table 3.5 and table 3.2 it is apparent that early seizures only
occurred in patients 65 years or older. In patients below the age of 65 the shortest
delay between stroke and first epileptic seizure was 34 days. So, with regard to
seizure delay, patients 65 years or older differed significantly from the younger
patients (Mann-Whitney test p = 0.002).
In combination with the above mentioned finding that patients 75 years and
older developed post-stroke seizures significantly more often than younger
patients, we decided to use 65 years and 75 years as cut-off points, to divide the
patients in three age-groups, for our analyses of risk factors. Tables 3.3*\ 3.6,
3.7 and 3.8 show the male/female ratio, number with PSS and the seizure delay
for those three age-groups. In figures 3.1 and 3.2 Kaplan Meier survival curves
for the whole population and per age-group are given. These show that patients
75 years and older not only develop more seizures but also develop seizures with
a shorter seizure delay.

Nine of the twenty-one patients with early seizures, who had survived at least
two weeks after their stroke, also had late seizures (43%; 95% CI: 22-64); of the
695 patients without early seizures, who had survived at least two weeks, 56 had
late seizures (8%; 95% CI: 6-10); IRR = 9.07; 95% CI: 4.49-18.33; p = 0.000.
However, in four of the nine patients with "early and late" seizures, late seizures
started as early seizures but continued over the arbitrary limit of two weeks poststroke. In three other patients early seizures had stopped within two weeks
without treatment, then they had a recurrent stroke and some seizures again. The
remaining two patients had early seizures for a few days. Subsequently, they
were seizure-free for more than seven months, and then again had seizures. As
these seizures occurred without any obvious cause they were regarded as lateonset seizures. Thus, two patients remained with early- and late-onset seizures,
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being 10% of all patients with early seizures. This was not different from the 8%
of the patients without early-onset seizures who had late-onset seizures:
IRR = 1.62; 95% CI: 0.40-6.64. In total 58 of the 716 fourteen-day-survivors
(8%; 95% CI: 6-10) had "real"

7ab/e3.4: De/ay between sfro/re and f/rsf ep/7epf/c se/zure /n a// pat/ents
(percentages befween parentheses^
Delay

Total number
with PSS

Patients with
one seizure

0 - 24 hours

11

(13)

1

1 day - < 2 weeks
> 2 weeks - < 1 year
> 1 year - < 2 years
> 2 years

17
37
11

(20)
(44)
(13)

5
5
4

8

(10)

Total

84

Early

28
56

Late

Patients with two
or more seizures
10

<9>
(29)

12

(13)
(36)

32
7

4

(50)

4

(87)
(64)
(50)

(100)

19

(23)

65

(77)

(33)
(67)

6

(21)

13

(23)

22
43

<79)
(77)

(91)
(71)

7ab/e 3.5: De/ay /n days between sfro/ce and
ffrsf ep//epf/c se/zure per age-group

Age
26- 39

Number

Median

with PSS

delay

Range

0

40- 44

2

435

181 -

689

45- 49

3

374

286 -

575

50-54

4

293

133 - 1327

55-59

4

268

34 -

817

60-64

1

487

487 -

487

65- 69

12

239

0 -

451

70-74

10

192

0 - 1848

75-79

21

177

0 - 1133

80-84

19

12

0 -

998

85-89

8

16

1 -

735

90-96

0

Total

84

149

0 - 1848
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7ab/e 3.6: De/ay befween sfrofre and f/rsf ep;7epf/c se/zure /n paf/enfs 26-64 years
Delay

Total number
with PSS (%)

Patients with
one seizure

Patients with two
or more seizures

0
0
7
5
2

(50)
(36)
(14)

0
0
1
1
0

Total

14

(100)

2

(14)

12

(86)

Early

0
14

(100)

0
2

(14)

0
12

(86)

0 - 24 hours
1 day - < 2 weeks
> 2 weeks - < 1 year
> 1 year - < 2 years
> 2 years

Late

0
0
6
4
2

7ab/e 3.7: De/ay between sfro/re and f/rsf ep/7epf/c se/zure /n paf/enfs 65-74 years
Delay

Total number
with PSS (%)

Patients with
one seizure

Patients with two
or more seizures
2
3
10
2
1

0 - 24 hours
1 day - < 2 weeks
> 2 weeks - < 1 year
> 1 year - < 2 years
> 2 years

2
4
11
4
1

(9)
(18)
(50)
(18)
(5)

0
1
1
2
0

Total

22

(100)

4

(18)

18

(82)

Early

6
16

(27)
(73)

1

(17)

3

(19)

5
13

(83)
(81)

Late

Tab/e 3.8: De/ay befween sfrofce and ffrsf ep/7epf/c se/zure /n paf/enfs 75-96 years
Delay

0 - 24 hours
1 day - < 2 weeks
> 2 weeks - < 1 year

Total number
with PSS (%)

Patients with
one seizure

Patients with two
or more seizures

9
13

(19)
(27)

1
4

8
9

> 1 year - < 2 years
> 2 years

19
2
5

(40)
(4)

3
1

(10)

4

16
1
1

Total

48

(100)

13

(27)

35

(73)

Early

22
26

(46)
(54)

5
8

(23)

17

(77)

(31)

18

(69)

Late
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F/gure 3.7: SurwVa/ free ofep/7epf/c se/zures for a// par/enfs
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F/gure 3.2: Surv/Va/ free of ep/7epf/c se/zures for friree age-groups
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Tab/e 3.9: flecurrenf versus non-recurrenf se/zures
/4 = a// paf/enfs 7" = paf/enfs freafed w/fh /4ED's
Number
with PSS

Died within
2 weeks after
first seizure
A
T

A

T

Early
Late

28
56

22
37

8
6

Total

84

59

14

Only patients
< 65 years

Number
with PSS

Early
Late

0
14

12

Total

14

12

Patients
65-74 years

Number
with PSS
A

T

Early
Late

6
16

6
12

Total

22

18

Patients
> 75 years

Number
with PSS

Died within
2 weeks after
first seizure
A
T

Recurrent
seizures

A

T

A

T

16
26

13
12

4
24

4
23

42

25

28

27

Non-recurrent
seizures

Recurrent
seizures

0
9

Died within
2 weeks after
first seizure
A
T
0
0

Died within
2 weeks after
first seizure
A
T

A

T

Early
Late

22
26

16
13

8
5

Total

48

29

13

40

5
2

Non-recurrent
seizures

Non-recurrent
seizures

9

Recurrent
seizures

A

T

A

T

5
9

5
5

1
7

1
7

14

10

8

8

Non-recurrent
seizures

Recurrent
seizures

A

T

A

T

5
1

11

8

13

CJl

All patients

3
8

3
7

6

24

13

11

10

SWcjifle/ne<jM«icv an

Table 3.4 shows that 19 patients (23%) experienced a single seizure and 65
patients (77%) had two or more epileptic seizures. Early-onset seizures were
single epileptic events, approximately as often as late-onset seizures were.
Tables 3.6, 3.7 and 3.8 show no statistically significant (p > 0.26) differences
between the three age-groups. The occurrence of a second seizure after the first
seizure was probably affected by anti-epileptic drug treatment. However,
patients were not uniformly treated: treatment in younger patients with lateonset seizures and in older patients with early-onset seizures tended to be started
rather early, whereas in patients older than 75 years with a first late-onset seizure
treatment was rather postponed until at least a second seizure (table 3.9). Besides
AED treatment, survival time after the first seizure may also influence the
occurrence of recurrent seizures, and therefore, we decided to differentiate
between so-called recurrent and non-recurrent seizures, instead of single and
multiple seizures. For this difference the first two weeks after the first epileptic
seizure are relevant: only seizures that occur after this period are called recurrent
seizures and are considered as "real epilepsy".^o Table 3.9 shows the number of
patients with recurrent and non-recurrent seizures for the total patient group and
per age-group. In addition, the number of patients treated with AED's are given
for each subgroup. Of the 25 patients not treated with AED's only one had
recurrent seizures (4%: 95% CI: 0-12). whereas 27 (46%; 95% CI: 33-58) of the
59 treated patients had recurrent seizures. Despite the fact that 27% of the
patients older than 75 years died within the first two weeks after the first seizure,
the table shows that late seizures are recurrent more often than early seizures,
despite AED treatment in 96% of the patients. Especially patients younger than
65 suffered recurrent seizures despite AED treatment in all of them. In 407c of
the patients with non-recurrent seizures the seizures had stopped without AED's
being taken, whereas 96% of the patients with recurrent seizures continued to
have seizures despite AED treatment. If we consider only the 70 patients who
survived the first two weeks after their first seizure, then in patients older than
65 years early-onset seizures appeared to be non-recurrent in as many as 80%,
however, 81% was treated with AED's. Late-onset seizures were non-recurrent in
59% in this age-group, whereas only 45% was treated with AED's and the
patients were followed for a median of 453 (range 17-1342) days after their first
seizure. As in 93% of the patients with recurrent seizures the seizures recurred
shortly after the fourteenth day. this follow-up was long enough to allow
recurrent seizures to occur. Late-onset seizures in patients younger than 65 years
were non-recurrent in 31 % and half of them was treated with AED's.
J0-rfflv ca.«>/a/fl//7y rate
Eighty-one of the 770 patients died within one month following stroke (11%;
95% CI: 8-13). More patients with than without seizures during the first month
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post-stroke died during this first month: 11 of the 29 with seizures (38%;
95% CI: 20-56) versus 70 of the 741 without seizures (9%; 95% CI: 7-12). This
difference was statistically significant: IRR is 4.72 (95% CI: 2.50-8.91;
p = 0.000). However, after adjusting for interaction of different prognostic
variables, known to affect survival,**-'"-"'-'-"" in a time-dependent Cox
regression analysis, the contribution of seizures to mortality was no longer
statistically significant. The higher mortality in patients with seizures appeared
to depend on high age, the presence of a cortical syndrome, post-stroke
hyperglycaemia. a potential cardiac source of embolism, and a history of
ischaemic heart disease. These variables were all independently related to higher
mortality. In addition, the effect of seizures appeared to be constant over time.
Table 3.10 shows the results of the analysis.

7ab/e 5.70: Prognosf/c factors affecf/ng 30-day case fafa//ry rate
77me-dependenf Cox regress/on ana/ys/s
HR

95°/<»CI

p-value
0.003

age > 75

2.21

1.31 - 3.71

cortical syndrome

8.68

2.70- 27.90

0.000

Rankin > 3

3.75

0.88- 15.84

0.073

post-stroke hyperglycaemia
cardiac source of embolism

3.01

1.86-

4.88

0.000

1.97

1.24-

3.14

0.004

history of ischaemic heart disease

1.84

1.17-

2.88

0.009

1.62

0.84-

3.10

0.148

post-stroke seizures < 30 days

effect of post-stroke seizures not time-dependent p = 0.968

7ab/e 3.7 7: Prognosf/c factors affecf/ng 7-year morfa//ry
77me-dependenf Cox regress/on ana/ys/'s
HR

95% Cl

p-value

age > 75

2.79

2.02 -

3.84

0.000

cortical syndrome

1.95

1.33-

2.86

0.001
0.007

Rankin > 3

2.23

1.26-

3.97

post-stroke hyperglycaemia

1.82

1.34-

2.48

0.001

cardiac source of embolism

1.77

1.31 -

2.38

0.000

history of ischaemic heart disease

1.43

1.05-

1.94

0.023

post-stroke seizures < 30 days

0.83

0.52-

1.31

0.423

effect of post-stroke seizures not time-dependent p = 0.142
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Within the first year after stroke 191 patients died (25%; 95% CI: 22-28).
Twenty-two of the 65 patients who had experienced their first seizure within one
year following stroke died (34%; 95% CI: 22-45). whereas of the 705 patients
without epileptic seizures 169 died (24%; 95% CI: 21-27). This difference was
statistically significant: IRR is 1.58 (95% CI: 1.01-2.47: p = 0.043). However,
after adjusting for interaction of different prognostic variables.-'-'-'"-""-"" the
contribution of seizures to mortality again was no longer statistically significant,
and the higher mortality in patients with seizures appeared to depend on the
same prognostic variables as in the analysis on 30-day case fatality rate. Results
of this analysis are shown in table 3.11.

Discussion
In this prospective register of 770 patients with a first-ever symptomatic
supratentorial brain infarct, epileptic seizures were observed in nearly eleven
per cent, during a median follow-up of almost two years.
Although our register is hospital-based, we suspect no major bias in our patient
sampling technique, as our hospital is the only hospital in the Maastricht referral
area, and we registered not only patients admitted, but also those visiting the
outpatients' clinic. In The Netherlands patients with a stroke are usually admitted
during the acute phase of their illness (85 per cent of all stroke-patients and even
more in first-ever cases**), whereas the remaining patients are likely to visit the
outpatients' clinic. In addition, patients not seen at a hospital are most likely
those with rapid disappearance of symptoms and those who die early,
representing transient ischaemic attack and cerebral haemorrhage, respectively,
which were not included in our register.
During the five year intake period 816 patients with a first-ever symptomatic
supratentorial brain infarct were registered: males forming a small majority, and
the median patient age at the time of stroke being high, in agreement with the
findings of other stroke registers.'4.69.S6 j h e incidence rates for stroke, first-ever
stroke and cerebral infarction in The Netherlands are known from the "Tilburg
Epidemiological Study of Stroke 1978 - 1981".** The adherent population of our
hospital was approximately 190.000 people. So the estimated number of patients
with a first-ever symptomatic supratentorial brain infarct in five years in our
adherent population is 903 patients, implying that 90 (88 - 92) per cent of all
patients was registered. However, taking into account the downward trend in
stroke incidence over the years in The Netherlands,'" this estimated number
could be lower, and the percentage of registered patients higher. In comparison
with a more recent (1985 - 1992) population-based study in France,"-^ the
estimated number for our study was 836 patients with a first-ever symptomatic
supratentorial brain infarct, implying that 98 (97 - 99) per cent of all patients was
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registered. Therefore, we concluded that our register was suited for our study on
several aspects of post-stroke seizures following a first cerebral infarct.

o/posf-sfroite re/zares a/u/ se/zure
Although the frequency of so-called post-stroke epilepsy varies between studies
from zero to m o r e than 5 0 per cent,'7-i9.2o.29.36.37.45-47.54.55.58.69.83.88.9o.ioo.io2.io4.ii3.
118.124.127.136.137.uu-142.146.154-156.166.168.174.iss. 193 our overall frequency for post-stroke

seizures of 11 per cent concurs with the frequencies found in other studies on
brain i/i/a rc7 patients: 8 per cent in 1000 patients with "non-embolic cerebral
infarction","^ 14 per cent in 500 patients with "cerebral infarction",'"' 13 per cent
in 77 patients with "brain infarcts",'" and 7 per cent in 183 patients with
"ischaemic stroke"."" We unlikely underestimated the seizure occurrence
because patients were asked for seizure occurrences at every follow-up visit.
As the aim of this thesis is to establish the risk of post-stroke epilepsy /b//mr;/;g
fl /'/r.s7 .SV/?;/?/O/H<7//V .v///?rate/jtor/fl/ bram //)/<7/c7, patients with a possible
additional cause for their first seizure, and patients who had experienced a
recurrent stroke before the first seizure, were included as suffering from poststroke seizures, as did others.'™'"" Little is mentioned in the literature on how
such patients' data were analysed.
We found that in one third of the patients the first seizure occurred within two
weeks following stroke-onset. This number is undoubtedly influenced by length
of follow-up. Studies in brain infarct patients with a similar follow-up length
reported frequencies varying from 30 per cent'-'' and 33 per cent of seizures
occurring early,*"-"-* to 54 per cent'"-* and 62 per cent occurring early.*' The
distinction between early and late seizures is not uniform in the literature, and
varies from one to two weeks, or even one month post-stroke. As most others,
we arbitrarily chose for the cut off point at two weeks post-stroke.-**'-^''"-"-'
Almost 90 per cent of the early seizures in our patients occurred in the first week
post-stroke, and 98 per cent of the late seizures occurred later than one month
post-stroke. Therefore, our choice for the cut off point between early and late
seizures at two weeks post-stroke, instead of at one week or one month after
stroke, unlikely influenced our final results significantly.
Seventy seven per cent of patients who developed post-stroke seizures did so
within the first year post-stroke, and 90 per cent within the first two years. These
findings concur with the general opinion in the literature that most PSS develop
during the first year post-stroke.-'^-^.6o.8o.9o.i37.i4u.i46.i7<,
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a/w/ sex o/ r/ié- pa/tenw vWr/i posM/rote se/
No predominance of one of the two sexes in developing PSS was found. This
agrees with Lancman et al.'*' and Kilpatrick et al.,'<" whereas Olsen et al.,'"
Davalos et al.^ and Giroud et al.^ found a male, and Kotila et al.">- a female
predominance. However, Olsen studied only 77 brain infarct patients of whom
seven developed seizures, whereas Davalos and Giroud studied early seizures in
stroke and TIA patients, and Kotila studied the occurrence of epilepsy in stroke
patients.
From studies on the incidence of epilepsy in the general population it is known
that after a high incidence in childhood and a decline in adulthood, the incidence
of new-onset seizure disorders increases significantly after the age of 60, with
the highest incidence rate noted in the age group 70-79 years."--"'•"•*•"*'•'"- This
high incidence in the older age group may be strongly related to seizures in brain
infarct patients, as our data suggest: patients who developed PSS were
significantly older at the time of stroke-onset than the patients who remained
seizure-free. Furthermore, patients 75 years or older developed post-stroke
seizures significantly more often than patients younger than 75 years.
We also found a striking relation between age ««d se/cfvre-aWav: in patients 65
years and older the frequency of early-onset seizures increased with increasing
age, whereas patients younger than 65 years developed only late-onset seizures.

£V//7v se/^Hréw aw/ //ie mA: <•>ƒ /ate .sr/c
Patients with early seizures more often had seizures more than two weeks
following stroke than the patients without seizures in the first two weeks. This
difference was statistically significant, suggesting that early seizures predict the
occurrence of late seizures. However, when the patients with both early and late
seizures were studied more closely, and a distinction was made between ^ar/yo//wr and /ate-o/i.se/ seizures, there remained only two patients with both earlyand late-onset seizures, and the above mentioned difference was no longer
statistically significant. Consequently, in our series, early-onset seizures were
not related to the occurrence of late-onset seizures, whereas others, like
Kilpatrick et al.."" found a clearly increased risk of late seizures in patients with
early seizures. This discrepancy may be explained by the fact that our study was
prospective and we were able to follow the patients with early-onset seizures for
only 337 days (median: range 8-1614 days), whereas Kilpatrick et al.
retrospectively studied patients who had had early seizures and had survived
long enough to develop late seizures after 3 months to 2,5 years. In this way they
excluded the patients who had died early after the first early seizure and they
studied a subpopulation with a significantly longer follow-up than our patients,
probably increasing the risk of late seizures, and explaining the difference.
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Se/zwre recwrrenc? fl/Jer a/ïrsf posfAlmost one quarter of the patients with post-stroke seizures experienced only
one single epileptic seizure. Early-onset seizures tended to be single epileptic
events as often as late-onset seizures, and there were no differences between
age-groups in the occurrence of single and multiple seizures. However, treatment
with AED's after the first seizure may influence the occurrence of a second
seizure. In addition, the patient has to survive long enough to develop a second
seizure. Therefore, we decided to look at the data at another way and to
differentiate between so-called recurrent and non-recurrent seizures in patients
who survived at least two weeks after their first seizure."" In this way it appeared
that ÉW/V-<?/!.ÏÉ7 W/;:H«>.V in patients older than 65 years had a #w;rf prog/iav/.?:
they were non-recurrent in 80 per cent of the patients with early seizures who
survived the first two weeks after their first seizure and rather easy to treat with
AED's. Ltfte-o/isef .se/-wres on the other hand had a relatively oat/ progHo.vw:
they were recurrent in almost half of the fourteen-day survivors, despite AED
treatment. So, it appeared that if late seizures continued to occur later than two
weeks after the first seizure, our patients, and especially the ones younger than
65 years, had developed a serious form of epilepsy, that was difficult to treat
with AED's. /// (WJC/MAVYW: age in combination with seizure delay appeared to be
related to the seriousness of epilepsy that occurred after a first cerebral infarct:
early-onset seizures in relatively old patients had a good prognosis, whereas lateonset seizures in relatively young patients were recurrent and difficult to treat
with AED's. Our finding that early-onset seizures have a low probability of
recurrence in contrast to late-onset seizures, concurs with that of others, and with
the observation that chronic epilepsy develops more often among patients who
had had their first seizure with delayed

The 30-day case fatality rate and 1-year mortality of our total population are in
agreement with the rates for brain-infarct patients found in other prospective
stroke-registers.'^ However, when we differentiated between patients with and
without seizures, both the 30-day case fatality rate and 1-year mortality, were
significantly higher in the patients with seizures during this first month,
respectively first year post-stroke. This finding is in contrast with most other
investigators who found that (early) post-stroke seizures were /<•>ƒ associated
with higher mortality.'''-^ '»*'•"" Cox regression analysis of our data, revealed that
our finding was biased by several other prognostic variables, especially high age
and the presence of a (large) territorial infarct. After adjusting for interaction of
different prognostic variables, the contribution of post-stroke seizures to 30-day
case fatality and 1-year mortality was no longer statistically significant.
Therefore, we conclude that post-stroke seizures are not related to a higher
mortality through a causal relationship, but that mortality is higher in patients in
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a poor general condition, who are in addition also susceptible to develop (early)
post-stroke seizures.

Chapter conclusions
•

Nearly eleven per cent of patients with a first-ever symptomatic
supratentorial brain infarct had epileptic seizures during a median follow-up
of almost two years

• The first seizure occurred within two weeks following stroke-onset in one
third of the patients, and in ninety per cent within the first two years
• No predominance of one of the two sexes in developing PSS was found
• Patients 75 years or older developed PSS significantly more often than
younger patients
• Age and seizure delay were related: patients younger than 65 years developed
only late-onset seizures, whereas in patients from 65 years and older the
frequency of early-onset seizures increased with increasing age
•

Prognosis: early-onset seizures in relatively old patients were non-recurrent
and easy to treat, their prognosis was good. Late-onset seizures in relatively
young patients had a bad prognosis: they were recurrent in 31 per cent and
difficult to treat in half of these patients

• Seizures were not related to a higher mortality rate

We conclude that early- and late-onset seizures represent two different types of
epilepsy, probably with different pathogenesis and different risk factors.
Therefore in the next chapters, where risk factors are explored and wherein we
try to identify high risk groups for the development of post-stroke seizures,
separate analyses for early-onset and late-onset seizures will be performed.
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CHAPTER 4

/or deve/opmg ep/

As described in the introduction of chapter 3, due to discrepancies in the
literature, it still remains uncertain what particular factors influence the
occurrence of seizures following a stroke. Stroke subtype, especially
haemorrhagic infarction and (cardio) embolic infarction, large infarct size, and
cortical location of the lesion have all been mentioned in the literature as
possible risk factors for the development of epileptic seizures following a brain
i n f a r c t "•'?•—.45.53-55.80.90,92.100.101.104.107.11 s. 124.125.127.137.1 -to.uf>. 152.174.176

Age

and

sex

could be important factors as well, although contradictory results have been
reported, varying from a male^<*'" to a female predominance"'- in developing
post-stroke seizures (PSS), to similar frequencies in the two sexes (our findings
in chapter 3).""-"" Data on the age-distribution of patients with and those
without PSS have scarcely been reported, and when reported no differences were
found.-^-^-'"-*-'-* This contrasts with the findings described in the previous
chapter that brain infarct patients 75 years or older developed post-stroke
seizures significantly more often than patients below this age. In addition, we
found that none of the patients younger than 65 years developed early-onset
seizures. The question arises whether these patients differ in other risk factors
besides age.
Some investigators suggested that systemic disease may affect not only the
occurrence of strokes but also the occurrence of stroke-related seizures.-"-""
Therefore cardiovascular or stroke risk factors and predisposing diseases like
hypertension, diabetes or hyperglycaemia. angina pectoris, myocardial
infarction, heart failure, atrial fibrillation, high cholesterol levels, previous
stroke, intermittent claudication. and cigarette smoking, could all be possible
risk factors for the development of post-stroke seizures. The role of some of
these "risk factors" has been investigated. A history of hypertension was reported
as an independent risk factor for new-onset unprovoked seizures in adults,
especially, but not exclusively, in conjunction with a history of stroke.™ '™ This
finding has lead to the conclusion that hypertensive strokes are more
"epileptogenic" than other strokes, and to the hypothesis that hypertension could
lead to seizures through different kinds of vascular damage to the brain, only
some of which manifest as clinical stroke. Hypertension is significantly
associated with silent brain infarcts-<> and systolic hypertension is strongly
correlated with carotid stenosis.'" Carotid stenosis is in turn a common cause of
silent cerebral infarction according to some.'-'- but others disagree.-^ Therefore,
carotid stenosis and silent brain infarction may be other ways through which
hypertension could lead to seizures, the more so as both silent
infarctions'™-'^-'™ and carotid stenosis"' have been recognized as increasing the
risk of seizures. In experimental animal studies preischaemic hyperglycaemia
markedly increased the number of early postischaemic seizures.''"'Furthermore.
in hyperglycaemic rats brain damage after ten minutes of forebrain ischaemia
occurred earlier and was more severe than in normoglycaemic rats. In addition,
the hyperglycaemic rats had lesions at unusual sites such as the cingulate cortex
and subcortical nuclei, and especially the substantia nigra pars reticulata
50

(SNPR). which is assumed to play a major role in preventing spread of seizure
discharge by mechanisms related to GABA-ergic inhibition.'™ Therefore, it was
postulated that in hyperglycaemic rats subclinical seizure activity, that develops
during recirculation. becomes amplified by the SNPR lesions and destruction of
the GABA-ergic striatonigral pathway, finally leading to clinical (generalized)
epileptic seizures.'™ Hyperglycaemia may play a similar role in humans.
However, this is difficult to investigate, as in most stroke patients it is unknown
whether they were normo- or hyperglycaemic just before stroke-onset.
Generally, only information on the blood glucose levels after stroke is available.
Mean glucose level of the past four to six weeks before the stroke can be
evaluated by measuring the haemoglobin A|[- level, however, this test still does
not give information on the blood glucose level shortly before stroke-onset.
Therefore, the first measured blood glucose level after stroke was used to
determine if the patient was hyperglycaemic or not.
So far, few studies focused on comorbidity factors, such as diabetes and
hypertension, in relation to post-stroke seizures. In a retrospective study on
patients with /w.s7-.s7wAt> .sf/'-i/rc\v (early and late seizures after an infarct or
haemorrhage) no differences in age, sex, arterial hypertension, diabetes, atrial
fibrillation, and heart failure were found between the patients with seizures and a
control group of stroke patients without post-stroke seizures admitted during the
same period.'--^ However, the proportion of patients with alcohol abuse was
significantly greater in the patients with seizures. 125 in a prospective study on
epileptic .ve/-;<ms- «r r/?^ «H.V*7 «ƒ ,S7TOA.T (within 48 hours after an infarct,
haemorrhage or TIA) cardiovascular risk factors (hypertension, diabetes,
myocardial infarct or angina, rheumatic heart disease, heart failure, atrial
fibrillation, previous stroke, intermittent claudication), age, smoking (> 10
cigarettes per day) and alcohol use (> 80 g/day) were similar in groups with and
those without seizures.-^ However, seizures were more frequent in males. These
results are similar with those of a prospective study on ?a/7y seizures following
acute .woA.'^ (within 15 days after an infarct, haemorrhage, TIA or SAH), which
showed no differences between patients with and those without seizures in
arterial hypertension, diabetes, high cholesterol levels, ischaemic heart disease,
heart failure, atrial fibrillation, tobacco abuse (> 10 cigarettes a day), alcohol
abuse (> 60 g/day), and age/''* In this study seizures were also more frequent
among males.^
In summary, studies so far do not suggest that cardiovascular risk factors
increase the risk of post-stroke seizures. However, patients with all kinds of
stroke subtypes, including TIA's. were studied as one group, whereas there may
be differences between stroke subtypes, justifying separate analysis.
Furthermore, early and late seizures were not examined separately, whereas
these two may have different mechanisms^ ^ ^ " ^ « ' ^ . I O ? . ! 1.1.152.176 and different
risk factors. In the previous chapter we already found obvious differences
between early-onset and late-onset post-stroke seizures. Therefore, we decided
to explore possible risk factors for early-onset and late-onset seizures separately
51

in our prospective register of adult patients with a first-ever-in-a-lifetime
symptomatic supratentorial brain infarct.

Patients and methods
As described in chapter 3, patients were registered in an ongoing prospective
register at the University Hospital Maastricht, that includes all adult patients
admitted to the Neurological Department or seen at the outpatients' clinic during
a five year intake-period, with a first-ever symptomatic supratentorial brain
infarct with symptoms lasting longer than 24 hours. In- and exclusion criteria,
data which were recorded, investigations that were performed, definitions of
brain infarction, cortical and lacunar syndrome, symptomatic versus silent
infarct, and of post-stroke epilepsy, method of assigning the patients to either
one of four infarct groups (infarcts with a rare cause, lacunar infarcts LACI.
cardioembolic territorial infarcts CE or remaining territorial infarcts Rl),
methods of follow-up, and data recorded during follow-up, are described in
detail in chapter 3.
The degree of handicap on admission was measured using the modified Rankin
scale (see Appendix).'-*-'-*-'-^-'-"-'™ Patients with a Rankin grade 0, 1, or 2 (grade 0
naturally did not occur shortly after stroke-onset) were considered totally
independent for their activities of daily life (ADL), whereas patients with a
Rankin grade 3, 4, or 5 were considered functionally dependent, conform the
classification in other prospective stroke-registers.'•*•'-" '^
Besides age and sex, the following possible risk factors were recorded:
ischaemic heart disease (IHD), defined as a history of angina pectoris,
myocardial infarction or coronary bypass operation. Hypertension, defined as
known hypertension whether or not treated with anti-hypertensive medication,
or blood pressure recordings of more than 160/90 mm Hg on at least two
different occasions before, or at least one week after the stroke. Diabetes
mellitus (DM), defined as known diabetes treated with diet or medication (oral
or insulin), or either a fasting blood glucose higher than 7 mmol/1 or a
postprandial blood glucose higher than 11 mmol/1 measured on at least two
separate occasions before or after stroke, but not during the first 72 hours after
the stroke. Chronic obstructive pulmonary disease (COPD). defined as a history
of chronic obstructive pulmonary disease treated with medication. The presence
of a potential cardiac source of embolism (CE) in the medical history, on ECG,
or echocardiography: chronic or intermittent ECG confirmed atrial fibrillation;
left ventricular myocardial infarction within six weeks preceding stroke: left
ventricular or atrial thrombus; left ventricular aneurysm: left ventricular akinetic
segment: cardiomyopathy: mitral or aortic valve abnormalities as endocarditis,
mitral stenosis, prosthetic aortic or mitral valves: and atrial or ventricle septal
defect. Carotid stenosis: a lesion with a diameter reduction of more than 50 per
cent on non-invasive carotid tests was defined as a significant carotid stenosis.'52

Hyperglycaemia: the first measured blood glucose level after stroke-onset was
recorded. In 659 patients (86%) blood glucose was determined within one week
after stroke-onset, in 565 patients (73%) within 48 hours and in 524 patients
(68%) within 24 hours after stroke-onset. Hyperglycaemia was defined as a
fasting blood glucose higher than 7 mmol/1 or a postprandial blood glucose
higher than 11 mmol/1. The CT-scan features infarct size, cortical location of the
infarct, haemorrhagic infarction, presence of silent infarcts. and leukoaraiosis
were noted. As in a substantial number of patients no abnormalities were visible
on CT, these CT-scan features could only be studied in a subgroup of patients
(see chapter 5).
As survival time after stroke is an important factor in the occurrence of poststroke seizures (especially late-onset), and because early-onset and late-onset
seizures may represent two different types of epilepsy with different underlying
epileptic mechanisms and different risk factors/".45.46.53.6i.8o.92.io7,]i3.i52.i76 they
were analysed separately. Risk factors for early-onset seizures were analysed in
all 770 patients. As late seizures occur by definition two weeks or more after
stroke-onset, only patients who survive at least two weeks after their stroke are
at risk for experiencing late-onset seizures, and therefore risk factors for lateonset seizures were analysed in the 716 fourteen-day survivors. As some of these
patients had experienced early-onset seizures, and some of them were treated
with anti-epileptic drugs (AED's) after early seizures, these variables were
included in the analysis on late-onset seizures as well.
According to our findings in the previous chapter, age was divided in three
categories which were used in the Cox regression analyses as well: age < 65
years, 65 < age < 75. and age > 75 years. However, as none of the patients
younger than 65 years experienced an early seizure, the age-limit at 65 years
could not be used in the Cox regression analysis on risk factors for early-onset
seizures. Therefore we decided to use only the age-limit at 75 years and to
analyse the patients younger than 75 years as one group, instead of two, in order
to analyse all patients, instead of excluding the patients younger than 65 years.

Differences in age-distribution, male/female ratio, median follow-up times and
survival were analysed using the distribution-free, nonparametric MannWhitney Test.'" After simply counting and comparing the number of patients
with seizures in different risk factor subgroups, differences between groups were
analysed accounting for differences in exposure time, using Incidence Rate
Ratio's (IRR) with 95% confidence intervals (CI), and two-tailed p-values.'"
When this correction for differences in exposure time was not necessary, the
odds ratio with Yates' continuity correction (OR) with 95% confidence interval
and Chi-square test (JP) with two-tailed p-value was used to estimate the relative
risk.-*--' i^i'"* When the number of patients in a specific risk group was less than
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five, or even equal to zero. Fisher's exact test was used to estimate the two-tailed
p-value.-*--"**-'" In addition the estimated effect of each possible risk factor on
the occurrence of post-stroke seizures, was statistically adjusted for differences
in the distribution of the other risk factors (explanatory independent variables or
covariates) by means of a Cox regression analysis (proportional hazards model),
resulting in hazard ratio's (HR) with 95% CI's and two-tailed p-values.-^.i 19.134
The Cox regression analysis is a specific regression model for survival data, able
to handle censored data (incomplete observations) and varying lengths of
exposure times. With this model it is possible to study the association between a
number of different explanatory factors (covariates) and an outcome variable
that is time dependent e.g. survival time, or, as in our study, time between brain
infarct and first epileptic seizure.
As early-onset seizures occurred by definition within two weeks following
stroke-onset, in the analyses on early-onset seizures for every patient the
maximal length of follow-up was set at 14 days. In the analyses on late-onset
seizures the patients' complete available length of follow-up was used. Our
results were not biased by the differences in length of these total follow-up
times, as we corrected for this possible bias in our statistical analyses.

Results
As described in chapter 3 during the intake-period of five years. 816 patients
with a first cerebral infarct were registered. Forty-six patients were excluded for
different reasons (see chapter 3), leaving 770 patients at risk for developing poststroke seizures. Post-stroke seizures (PSS) were divided in early-onset seizures
(occurring during the first two weeks following stroke-onset), and late-onset
seizures (later than two weeks following stroke).

Twenty-eight patients of the 770 patients at risk (4%) experienced early-onset
post-stroke seizures after a median of 1 day (range by definition 0-14 days).
Tables 4.1 and 4.2 show the general features of the patients with early seizures
and those without. There were no differences in male/female ratio between the
patients who developed early seizures and those who did not. However, there
were significant differences in age-distribution and length of total follow-up
between both groups: patients who developed early post-stroke seizures were
significantly older than those who did not (none of the patients younger than 65
years developed early seizures), and their median follow-up was shorter. This
difference in follow-up is explained by the fact that significantly more patients
with early seizures died during follow-up. In addition, the patients with early
seizures who died, died earlier after their stroke than the patients without early
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seizures who died. The follow-up time of the patients still alive at the end of our
study did not differ between groups. Table 4.3 shows the frequencies of possible
risk factors among patients with and those without early-onset seizures, with
IRR's indicating differences between both groups. In figure 4.1 the IRR's and
their 95% CI's are displayed graphically. As none of the patients with early-onset
seizures experienced a recurrent stroke before the first seizure, recurrent stroke
was not analysed as a possible risk factor. As early seizures occurred very shortly
after stroke-onset, only blood glucose levels obtained during the first 24 hours
post-stroke were used to determine hyper- or normoglyeaemia. Otherwise,
hyperglycaemia could be the result rather than the cause of the epileptic seizure,
and the influence of hyperglycaemia on the occurrence of early seizures would
be biased. The table and figure show that patients with early-onset seizures were

Tab/e 4.7:

Ear/y-onsef se/zures fo//ow/ng a first cerebra/ /nfarcf
Genera/ features of paf/enfs w/fh and f/iose w/fhouf ear// se/zures

All patients N=770

With early-onset
seizures

Number of patients (% of total)
Males (% in group)
Median age (range) in years
Md follow-up (range) in days
Deaths (% of group)

(4)
28
(54)
15
(65 - 88)
81
377
(8- 1614)
17
(61)
(8- 1068)
18
11
(39)
998 (330- 1614)

- Md death-delay (range) in days
Number still alive (% of group)
- Md follow-up (range) in days

faö/e 4.2:

Age

Without early-onset
seizures

Mann-Whitney
test p-value

742
(96)
387
(52)
(26-96)
72
629
( 1 •• 1998)
(37)
276
188
(1 • 1897)
(63)
466
858 (195 • 1998)

0.8831
0.0000
0.0080
0.0119
0.0225
0.0119
0.8882

/4ge-d/sfr/buf/on and ma/e/fema/e raf/o of a// paf/enfs, and of fnose who
deve/oped ear/y-onsef PSS, summarized for three age-groups
(percentages befween parentheses^

Total number
of patients

With
early PSS

Males
total N

With
early PSS

Females
total N

With
early PSS

26 -64
65 -74
75 -96

190
267
313

(25)
(35)
(40)

0
6
22

(2)
(7)

128
155
119

0
6
9

(4)
(8)

62
112
194

0
0
13

(7)

Total

770 (100)

28

(4)

402

15

(4)

368

13

(4)
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Tab/e 4.3: Ear/y-onsef se/zures: Frequency of poss/b/e r/s/r factors /n paf/enfs w/fh
and fhose w/fhouf ear//-onsef se/zures fo//ow/ng a f/rsf cerebra/ infarct,
and fhe re/af/Ve r/s/t (//?W for deve/op/ng these ear/y-onset se/zures
when fhe r/s/r facfor ;s present (compared w/fn factor absent,)
With seiz
N=28

Age < 65; young
65 - 75; middle
> 75; old
- old versus middle
- age > 75 vs age < 75
Male sex
Ischaemic heart disease
Hypertension
Diabetes mellitus
Glucose < 24 hours available
- hyperglycaemia
COPD
- without theophylline
- with theophylline

Without seiz
N=742

N

(%)

N

(%)

0
6
22

(21)
(79)

190
261
291

(26)
(35)
(39)

15
9
11
8
23
12
9
2
7

(54)
(32)
(39)
(29)
(82)
52%
(32)
22%
78%

387
191
346
144
501
172
76
49
27

(52)
(26)
(47)
(19)
(68)
34%
(10)
64%
36%

- COPD without theo vs no COPD
- COPD with theo vs no COPD
• COPD with theo vs COPD without

Presence of CE
Cortical syndrome
Rankin score > 3
Carotid test available
- ipsilateral stenosis
Infarct sub-group
- territorial CE or Rl
- territorial CE
- territorial Rl
- CE versus Rl
- lacunar
- lacunar with CE
- other lacunar
- laci CE vs other laci
- territorial vs lacunar
CT-scan available
- no infarct visible
- large cortical infarct
- smaller cortical infarct
- lacunar infarct
- cortical vs lacunar infarct
- large cortical vs lacunar
- smaller cortical vs lacunar
- large vs smaller cortical
- silent lesions
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18
27
28
9
0

(64)
(96)
(100)
(32)
0%

199
470
573
488
106

(27)
(63)
(77)
(66)
22%

25
16
9

(89)
64%
36%

480
159
321

(65)
33%
67%

3
2
1

(11)
67%
33%

262
40

(35)
75%
85%

IRR

3.40
5.84
1.03
1.41
0.75
1.69
OR 2.21
2.27
4.12

1.42
9.06
6.40
5.14
16.51

25
9
6
8
2

7

(89)
36%
24%
32%
8%

28%

712
197
110
244
161

198

(96)
28%
75%
34%
23%

28%

p-value

8.40
1.382.37- 14.40
0.49 - 2.17
0.643.11
0.351.61
0.74 3.84
0.746.61
1.00 - 5.15
1.86 - 9.10

0.008
0.000

0.049
0.000

0.33 - 6.08
3.81 - 21.56
1.33- 30.82
2.37 • 11.13
2.24 - 121.51
Fisher exact:
0.11 - 0.55
Fisher exact:

0.000
0.021
0.000
0.006
0.009
0.001
0.215

1.66 -

8.52

0.001

11.08
4.79
OR 0.35
OR 1.47

1.00- 122.16
1.45 - 15.86
0.071.85
0.49 4.43

0.049
0.010

3.33
5.15
2.63
1.96
1.00

0.76- 14.64
1.04 - 25.53
0.56- 12.38
0.685.65
0.42 2.39

OR 0.25
-

3.77

222

95% Cl

0.045

'.s£/actors

significantly older, they presented more often with a cortical syndrome and a
Rankin score > 3, they significantly more often had a potential cardiac source of
embolism, a territorial infarct, a hyperglycaemia in the first 24 hours after stroke,
and a history of COPD treated with theophylline. In patients with early-onset
seizures non-invasive carotid test had significantly less frequently been
performed, probably related to a worse general condition of these patients. When
carotid test was available, in none of the patients with early seizures a significant
ipsilateral carotid stenosis was detected. As the variables "cardiac source of
embolism" and "clinical syndrome" were used to define the variable
"stroketype" (see chapter 3: Classification of patients in infarct subgroups), there
was an interaction between these variables and consequently they were not
analysed in the same regression model. Therefore two different Cox regression
models were used. The results are shown in table 4.4. In the first model, Cox
regression analysis was performed with the following variables: age, sex, IHD,
hypertension. DM. hyperglycaemia, COPD without or with theophylline use,
cardiac source of embolism, and cortical syndrome. High age. the presence of a
cardiac source of embolism, a cortical syndrome, and COPD treated with
theophylline remained significantly associated with the occurrence of earlyonset seizures. In the second model the variables "cardiac source of embolism"
and "clinical syndrome" were replaced by "stroketype". Then, as expected, high
age, a cardioembolic territorial infarct, and COPD treated with theophylline
were significantly associated with the occurrence of early-onset seizures. The
variable "dependent Rankin" could not be analysed in the Cox regression models
because all patients who developed early-onset seizures had a Rankin score > 3.
However, from the Fisher exact test in table 4.3 it is obvious that a "dependent
Rankin" (a Rankin score > 3) is highly significantly associated with the
occurrence of early-onset seizures. The variable "ipsilateral carotid stenosis"
could not be analysed as it did not occur among the patients with early seizures,
however it seemed not related with the occurrence of early onset seizures (table 4.3).
Consequently, patients at risk for developing early-onset seizures were the
patients of 65 years or older who had a cortical syndrome, a Rankin score > 3,
and a potential cardiac source of embolism. These 144 high risk patients (19% of
the total patient group at risk), of whom 17 experienced early-onset seizures
(61% of all early-onset seizures; five patients died early, 11 had non-recurrent
seizures, one had recurrent seizures), had a risk of early-onset seizures of 12%
(95% CI: 10-14), whereas the remaining 626 patients, of whom 11 experienced
early-onset seizures, had a risk of early-onset seizures of 2% (95% CI: 1-3). The
1RR for this high risk group is 8.05 (95% CI: 3.77-17.18; p = 0.000). If the
variable "history of COPD treated with theophylline" was added to this high risk
group, only seven patients remained at risk, but the risk of early seizures rose to
29% (95% CI: 0-63), whereas the remaining 763 patients had a risk of early
seizures of 3% (95% CI: 2-4). The IRR for this small high risk group is 12.45
(95% CI: 2.96-52.47; p = 0.001).
57

Tab/e 4.4; Cox regress/on ana/ys/s, r/s/c of ear/y-onsef se/zures
Cox regression model one:
Variables affecting the risk of early-onset seizures
The variables "cardiac source of embolism" and "clinical syndrome"
are included in the model
HR

95°/, Cl

p-value

3.95

1.53- 10.17

0.004

Male

1.62

0.70-

3.79

Ischaemic heart disease

1.25

0.55-

2.86

Hypertension

0.82

0.36-

1.87

Diabetes mellitus

1.43

0.53-

3.87

Age > 75 vs age < 75

Hyperglycaemia

1.50

0.55 -

4.05

COPD without theo vs no COPD

1.12

0.25-

5.03

COPD with theo vs no COPD

8.37

3.30- 21.25

0.000

6.75

0.007

1.33- 75.81

0.025

Presence of CE
Cortical syndrome

3.03
10.05

1.36-

Second Cox regression model:
The variables "cardiac source of embolism" and "clinical syndrome"
are replaced by the variable "stroketype"
HR

95%, Cl

p-value
0.003

Age > 75 vs age < 75

4.26

1.66- 10.94

Male

1.55

0.67 - 3.56

Ischaemic heart disease

1.16

0.51 -

2.62

Hypertension

0.73

0.33-

1.66

Diabetes mellitus

1.43

0.52 - 3.88

Hyperglycaemia

1.62

0.59-

4.45

COPD without theo vs no COPD

1.10

0.25-

4.94

COPD with theo vs no COPD

7.31

2.93- 18.23

0.000

CE versus Rl

2.85

1.22 - 6.61

0.015

CE versus laci

5.30

1.50- 18.70

0.010

Rl versus laci

1.86

0.50-
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6.96

Of the 716 fourteen-day survivors 58 patients (8%) developed "real" late-onset
post-stroke seizures, according to our definition in the previous chapter, after a
median of 261 (range 18-1848) days. Tables 4.5 and 4.6 show the general
features of the patients with late-onset seizures and those without. There were no
significant differences in age-distribution, male/female ratio, length of total
follow-up, and number of patients who died during follow-up, between the
patients who developed late-onset seizures and those who did not. Table 4.7
shows the frequencies of possible risk factors among patients with and those
without late-onset seizures, with IRR's indicating differences between both
groups. In figure 4.1 the IRR's and their 95% CI's are displayed graphically. As
there were eleven patients who experienced a recurrent stroke before the first
epileptic seizure, the occurrence of a recurrent stroke was analysed as a possible
risk factor. Some patients had experienced early-onset seizures, and a number of
them was treated with anti-epileptic drugs (AED's). Therefore, these variables
were included in the analysis as well. The table and figure show that patients
with late-onset seizures were significantly older, had significantly more often a
cortical syndrome, a Rankin score > 3, a territorial infarct, an ipsilateral carotid
stenosis, and a history of COPD treated with theophylline.
Five patients without late-onset seizures (two males, three females, aged 76-88
years, four with a cortical syndrome and all five with a Rankin score > 3) were
excluded from the Cox regression analysis, as they were censored before the
earliest event occurred, meaning they died (three on day 15, one on day 16 and one
on day 17 post-stroke) before the first late seizure among the patients with late
seizures (day 18). As these five patients were at risk for developing late-onset
seizures for just eight days, excluding these five patients unlikely affected the final
results; consequently Cox regression analysis was performed on 711 patients.
As in the analyses on early-onset seizures, again two different Cox regression
models were used. Table 4.8 shows the results. When all possible risk factors
were entered in the model, only the cortical syndrome and Rankin score > 3
remained significantly associated with the occurrence of late-onset seizures. In
the second model, when the variables "cardiac source of embolism" and "clinical
syndrome" were replaced by "stroketype", only the Rankin score > 3 remained
significantly associated with the occurrence of late-onset seizures. However,
when stroketype was divided in lacunar versus territorial (CE and RI together),
territorial infarcts and Rankin score > 3 were both significantly associated,
irrespective of the stroke cause.
Consequently, patients at risk for developing late-onset seizures were those who
had a cortical syndrome and a Rankin score > 3, irrespective of age and stroke
cause. These 381 high risk patients (53% of all patients at risk), of whom 50
experienced late-onset seizures (86% of all late-onset seizures; six patients died
early, 21 had non-recurrent seizures, 23 had recurrent seizures), had a risk of
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Tab/e 4.5: /.afe-onsef se/zt/res /n paf/enfs who surwVed
f/ie f/rsf fwo wee/cs affer a f/rsf cerebra/ /nfarcf
Genera/ features of paf/enfs vv/fh and those w/fhouf /afe se/zures
Fourteen-day

With late-onset

Without late-onset

Mann-Whitney

seizures

seizures

test p-value

survivors N=716
Number of patients (% of total)

58

Males (% in group)

30

Median age (range) in years

74

Md follow-up (range) in days

972

Deaths (% of group)
- Md death-delay (range) in days
Number still alive (% of group)
- Md follow-up (range) in days

23

(8)
(52)
(40-87)
(21-1897)
(40)

658
(92)
349
(53)
71
(26-95)
681 (15-1998)
216
(33)

484

(21-1897)

261

(15-1781)

0.0204

35

(60)

442

(67)

0.2908

841(195-1998)

0.4233

1033(306-1755)

0.8475
0.9649
0.1322
0.2908

fab/e 4.6: y4ge-d/sfr/buf/on and ma/e/fema/e raf/o of a// paf/enfs, and of those
who dei/e/oped /afe-onsef PSS, summar/zed for fhree age-groups
(percentages between parentheses^
Age

Total number

With

Males

With

Females

With

of patients

late PSS

total N

late PSS

total N

late PSS

26-64

179

(25)

14

(8)

120

9

(8)

59

5

(8)

65-74

259

(36)

17

(7)

152

11

(7)

107

6

(6)

75-96

278

(39)

27

(10)

107

10 (10)

171

17

(10)

Total

716 (100)

58

(8)

379

30

337

28

(8)

60

(8)

7ab/e4.7:

Lafe-onsef se/zures: Frequency of poss/b/e r/s/c factors /n fourfeen-day
surwVors i/v/fh and those w/fhouf /afe-onsef se/zures fo//ow/ng a f/rst
cerebra/ /nfarcf, and the re/af/Ve r/s/c (7ftW for deve/op/ng these /afe-onsef
se/zures when fhe r/s/c facfor /'s present (compared w/fh facfor absent
With seiz
N=58
N
(%)

Age < 65; young
65 - 75; middle
> 75; old
- young vs middle
- old versus middle
- old vs young
- age > 75 vs age < 75
- age < 65 vs age > 65
Male sex
Ischaemic heart disease
Hypertension
Diabetes mellitus
Glucose < 7 days available
- hyperglycaemia
Glucose < 24 hours available
- hyperglycaemia
COPD
- without theophylline
- with theophylline

14
17
27

(24)
(29)
(47)

Without seiz
N=658
N
(%)
165
242
251

30
15
26
14
56
21
49
20
6
0
6

(52)
(26)
(45)
(24)
(97)
38%
(84)
47%
(10)
0%
700%

349
164
305
122
551
160
427
133
74
49
25

(53)
(25)
(46)
(19)
(84)
29%
(65)
37%
(11)
66%
34%

15
51
55
39
13
11
2
1

(26)
(88)
(95)
(67)
33%
(19)
(3)
(2)

171
392
492
450
89
97
19
13

(26)
(60)
(75)
(68)
20%
(15)
(3)
(2)

52
13
39

(90)
25%
75%

400
131
269

(61)
33%
67%

6
2
4

(10)
33%
67%

258
40
218

(39)
76%
84%

13

(97)
76%
38%
39%
7%

23%

637
188
65
226
158

181

p-value

1.10
2.20
2.00
2.11
0.73
0.87
1.26
0.95
1.39
OR 5.44
1.66
OR 2.95
1.74
1.08

2.23
0.544.04
1.203.82
1.051.26 - 3.54
1.33
0.40 1.46
0.52 0.70 - 2.27
1.59
0.562.54
0.761.37- 21.51
0.97 - 2.85
1.41 - 6.14
3.07
0.982.52
0.46-

2.84
1.25
6.66
7.33
OR 0.95
2.15
1.25
1.62
1.13

6.60
1.222.24
0.693.02- 14.68
2.29- 23.44
0.04 - 21.79
1.10 - 4.19
0.64 - 2.41
0.40 - 6.64
8.19
0.16-

0.78

56
9
21
22
4

95% Cl

(25)
(37)
(38)

- COPD with theo vs no COPD

Presence of CE
Cortical syndrome
Rankin score > 3
Carotid test available
- ipsilateral stenosis
Recurrent stroke
Early seizures
AED treatment
Infarct sub-group
- territorial CE or Rl
- territorial CE
- territorial Rl
- CE versus Rl
- lacunar
- lacunar with CE
- other lacunar
- laci CE vs other laci
- territorial vs lacunar
CT-scan available
- no infarct visible
- large cortical infarct
- smaller cortical infarct
- lacunar infarct
- cortical vs lacunar infarct
- large cortical vs lacunar
- smaller cortical vs lacunar
- large vs smaller cortical
- silent lesions

IRR

(97)
30%
70%
35%
25%

28%

3.76
6.99
OR 0.95
OR 0.46

6.77
19.43
4.17
4.66
0.82

0.41 -

0.016
0.004

0.016
0.000
0.001
0.024

1.45

0.69- 20.53
3.00- 16.28
1.61
0.53 0.21 - 0.99

18.85
6.67 - 56.61
1.44 - 12.11
8.47
2.560.44 1.53
2.43 •

0.011
0.035
0.004

0.047

0.000
0.000
0.009
0.000
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F/gure 4.7: Poss/b/e r/sk factors for se/zures fo//oiv/ng a f/rsf cereöra/ /nfarcf

Black line: early-onset seizures
Curled line: late-onset seizures

age > 75 vs < 75
agc < 6 5 v s > 6 5
male sex
history oflHD
hypertension
diabetes mclluus
hypcrglvcacmia
history of COPD
without ihcopln Mine
with thcophyllinc
presence ofCE
cortical syndrome
Rankin score > 3
ipsilateral stenosis
recurrent stroke
early seizures
AED treatment

/n/arc/ suft group
CE versus RI
laciCE vs other laci
territorial vs lacunar

C7"-scan /eafures
no infarcl visible
cortical vs lacunar
large cortical vs laci
small cortical vs laci
large vs small cortical
silent lesions
I
O.I

I

10

i
100

1000

Diagram of IRR's with 95% CI's on a logarithmic scale; IRR > 1 means an increased risk of
seizures when the possible risk factor is present (compared with factor absent); 95% Cl not
including the value 1 means that the difference in risk is statistically significant with p < 0.05
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7aö/e 4.8: Cox regress/on ana/ys/s, r/s/f of/afe-onsef se/zures
Cox regression model one: The variables "cardiac source of embolism"
and "clinical syndrome" are included in the model
HR

95% Cl

1.28
1.59

0.62 - 2.65
0.83- 3.04

Old age vs young age

1.24

0.59-

Male sex

1.20

0.68 - 2.12

Young age vs middle age
Old age vs middle age

p-value

2.59

Ischaemic heart disease

1.24

0.68-

2.28

Hypertension

0.98

0.57-

1.69

Diabetes mellitus

1.13

0.55-

2.31

Hyperglycaemia < 24 hours

1.31

0.68-

2.50

COPD with theo vs no COPD

2.03

0.79-

5.25

Rankin score > 3

3.66

1.09- 12.30

Ipsilateral stenosis

1.36

0.68-

2.69

Recurrent stroke

1.22

0.60 -

2.49

Early seizures

0.73

0.09-

5.94

AED treatment

0.70

0.04- 11.89

Presence of CE

0.83

0.45-

Cortical syndrome

4.55

2.00- 10.33

0.036

1.56
0.000

Second Cox regression model: The variables "cardiac source of embolism"
and "clinical syndrome" are replaced by the variable "stroketype"
HR

95% Cl

Young age vs middle age
Old age vs middle age

1.22
1.67

0.590.87-

2.53
3.20

Old age vs young age

1.37

0.65 -

2.87

Male sex

1.22

0.69-

2.15

Ischaemic heart disease

1.11

0.61 -

2.03

Hypertension

0.99

0.58-

1.70

Diabetes mellitus

1.11

0.54-

2.32

Hyperglycaemia < 24 hours

1.37

0.71 -

2.65

COPD with theo vs no COPD

2.12

0.83-

5.38

Rankin score > 3

3.51

1.05 - 11.74

Ipsilateral stenosis

1.40

0.71 - 2.78

Recurrent stroke

1.07

0.53-

2.15

Early seizures

1.11

0.15-

8.46

AED treatment

0.46

0.03-

7.64

Territorial vs lacunar infarct

4.84

2.04 - 11.45

p-value

0.042

0.000
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late-onset seizures of 13% (95% CI: 10-16), whereas the remaining 335 patients,
of whom eight experienced late seizures, had a risk of late-onset seizures of 2%
(95% CI: 1-3). The IRR for this high risk group is 8.52 (95% CI: 4.04-17.97;
p = 0.000).

Discussion

Early-onset seizures were observed in nearly four per cent of our 770 patients
with a first-ever symptomatic supratentorial brain infarct. This frequency
concurs with that found in other studies on ftra/H ////«/r/ patients: three
prospective studies on patients with cerebral infarcts (N = 508, 546 and 1213
patients respectively) found a frequency of five per cent;-'*-'''-'™ three per cent
was found in 1000 patients with "non-embolic cerebral infarction","' one per
cent in 77 patients with "brain infarcts",'" and four per cent in 183 patients with
"ischaemic stroke".""
Age appeared to be an important factor for early-onset seizures, as none of the
patients younger than 65 years developed early-onset seizures. Univariate
analysis showed several other possible risk factors besides high age. However,
Cox regression analysis showed that, adjusted for interactions between the
different possible risk factors, only high age (75 years or older), the presence of
a cardiac source of embolism, a cortical syndrome, and a history of COPD
treated with theophylline remained significantly associated with the occurrence
of early-onset seizures. As all patients with early-onset seizures had a Rankin
score > 3, this variable could not be analysed in the Cox regression analysis.
However, it is obvious that a high Rankin score (a severe early handicap) was
highly significantly associated with the occurrence of early-onset seizures.
Therefore, the high risk group for developing early-onset seizures, with a more
than twelve times increased risk, were patients of 65 years or older, who had a
cortical syndrome, a Rankin score > 3, a potential cardiac source of embolism,
and a history of COPD treated with theophylline. However, the number of
patients with COPD and theophylline was small, restricting the number of
patients in the high risk group to only seven. Therefore, we decided to confine
the high risk group to the patients of 65 years or older, who had a cortical
syndrome, a Rankin score > 3. and a potential cardiac source of embolism. These
144 patients had an eight times increased risk. Prophylactic treatment with
AED's shortly after stroke-onset could be considered in such high risk patients.
However, it is highly questionable whether this treatment can be started soon
enough after stroke onset to prevent very early seizures, which occur within 48
hours after stroke-onset and comprise more than half of all the early-onset
seizures. Besides, as described in the previous chapter, the prognosis of early64

/?«/: /ocfor.

onset seizures in relatively old patients, who survived at least two weeks after
their first seizure, was good. Seizures in such patients were non-recurrent, and,
when treatment was indicated, rather easy to treat with AED's. Therefore, it is
questionable whether prophylactic treatment is indicated in these patients.

Eight per cent of the fourteen-day survivors developed one or more late-onset
seizures. This frequency is somewhat higher than that found in other studies on
bra/» //j/a/r/ patients: three per cent in 1000 patients with "non-embolic cerebral
infarction","'' eight per cent in 77 patients with "brain infarcts",'" and three per
cent in 183 patients with "ischaemic stroke".'"-' Differences in duration of
follow-up probably account for these discrepancies.
Univariate analysis showed several possible risk factors related to the
development of late-onset seizures. However. Cox regression analysis showed
that, adjusted for interactions between the different possible risk factors, only the
presence of a cortical syndrome, and a Rankin score > 3 remained significantly
associated with the occurrence of late-onset seizures. These findings indicate
that large, disabling territorial infarcts, are significantly related to late-onset
seizures, irrespective of stroke cause and patient's age.
Therefore, the high risk group for developing late-onset seizures, with a more
than eight times increased risk, were patients who had a cortical syndrome and a
Rankin score > 3. As we found in chapter 3 that late-onset seizures in relatively
young patients were recurrent and difficult to treat with the current AED's,
prevention of these late-onset seizures following a brain infarct would be of
significant clinical importance. However, it would remain difficult to determine
when this prophylactic treatment with AED's should be started, as late seizures
occurred somewhere between 18 and 1848 days after stroke-onset. Besides,
more than half of the patients with a first-ever supratentorial brain infarct belong
to the high risk group, and consequently are all candidates for prophylactic AED
treatment. This means that 381 patients should be treated prophylactically with
AED's and be exposed to possible side-effects, to prevent the occurrence of a
first late-onset seizure in 50 of them (13%). It seems unjustified to treat this
rather large number of patients to prevent a first seizure in only ten per cent of
them. Therefore, in the next chapters we will try to further specify the high risk
group.
Our finding that a cortical syndrome and a Rankin score > 3 are related to the
occurrence of post-stroke seizures (both early- and late-onset) concurs with the
view of others that large infarct size and cortical location of the lesion are related
to

post-stroke

seizures.'^o.22.:9.4?.5.V55m9:.icx).i(u.m7.ii8.i37.i46.i.s2.i74

Despite

the

hypotheses on hypertension and hyperglycaemia leading to epileptic seizures,™i.w.170 and the suggestion of some investigators that these factors could affect the
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occurrence of stroke-related seizures,-"•'<" we did not find cardiovascular risk
factors to be related to PSS in general. However, this may be due to the fact that
we studied brain infarct patients, whereas others studied different stroke
subtypes as a single category.-^^.^s
In patients with early-onset seizures, besides cortical syndrome and a Rankin
score > 3, we found that age of 65 years or older, the presence of a potential
cardiac source of embolism, and a history of COPD treated with theophylline,
were all significantly related to the occurrence of PSS. Age has not been
mentioned in the literature as a risk factor so far. Theophylline is a
methylxanthine known to be able to cause seizures when serum levels are above
35 mg/l (therapeutic range being 10-20 mg/l).**-'*»-'™ As COPD without
theophylline use was not related to the occurrence of PSS, we concluded that the
drug theophylline triggered the seizures, not the COPD. In chapter 6 the
influence of other drugs is studied. Cardioembolic stroke cause was considered
as a possible risk factor by several authors already.^»""8'24.i27.M6 Cardiac
emboli may resolve or disintegrate and so-called reperfusion damage may follow
causing seizures. Such mechanism may only occur shortly after stroke onset, and
does not necessarily initiate late seizures as well.

Chapter conclusions
•

These results in combination with the findings from the previous chapter
justify the distinction between early- and late-onset seizures, and confirm that
early- and late-onset seizures represent two different types of epilepsy, with
different pathogenesis, different prognosis, and different risk factors

•

Early seizures may be merely secondary to a variety of disarrangements of
non-cerebral factors in the early phase following stroke, such as electrolyte
imbalance, acid-base disturbance, and decreased oxygenation by pneumonia,
older patients being more sensitive for such disarrangements than young
patients. The presence of a cardiac source of embolism increases the risk, as
cardiac emboli may disintegrate, and reperfusion damage may cause seizures.
Such mechanism probably occurs only shortly after stroke onset, and
therefore does not play a role in the development of late-onset seizures.
Early-onset seizures tend to resolve spontaneously as the patient's condition
improves

•

Late-onset seizures may be regarded as "real" post-stroke epilepsy, caused by
epileptic disturbances in cerebral "scar" tissue remaining from large
territorial infarcts. leading to recurrent seizures that are difficult to treat.
Seizures may be due to membrane instability of the injured brain cells,
disturbances in the GABA-ergic inhibitory system, or in the action of
receptors involved in excitatory brain activity, all disturbing the delicate
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balance between excitatory and inhibitory neural mechanisms in favour of
excitation in such "scarred" brain foci
• The risk of developing early-onset seizures is eight times higher in patients of
65 years or older, who have a cortical syndrome, a Rankin score > 3, and a
potential cardiac source of embolism
• The risk of late-onset seizures is more than eight times higher in patients who
have a cortical syndrome and a Rankin score > 3, irrespective of stroke cause
and patient's age

67

CHAPTER 5
Z?ram m/a/r/ /es/ö/? /öctff/tw 0/1J f/ze ns/: o

Adapted from:
Heuts-van Raak EPM. Lodder J, Kessels F.
Late seizures following a first symptomatic brain infarct are related to
large infarcts involving the posterior area around the lateral sulcus.
Seizure; accepted for publication.

The frequency of so-called post-stroke epilepsy varies between studies from zero
to

more

than

5 0 % . 17.19.20.29.36.37.45-47.54.55.58.69.8.1.88.90.100.102.104.113.1 is. 124.127.136.137.140-142.

I46.i54-i56.i66.i68.i74.i88.i93 This

large

variation

reflects

differences

in

patient

populations studied, study methods, and in the definition of what post-stroke
epilepsy signifies. Many studies were retrospective, performed prior to the CTscan era, or based on small numbers. Also, a distinction between early and late
seizures following a stroke was not uniformly made. Such distinction is relevant
as early seizures may be related to non-cerebral disarrangements, such as
electrolyte imbalance, acid-base disturbances, etc, whereas late seizures may be
regarded as "real" post-stroke epilepsy.-^"" Furthermore, it remains unclear what
factors influence the occurrence of post-infarct seizures, although large infarct
size,8o.ioo.io4.i37.i52 (cardio)embolic infarct cause*>-"<".ii8.i24.i27.i46 and haemorrhagic
infarction-**"" may increase the risk. It is generally agreed that cortical
involvement

is an important

risk

factor,'7.2o.22.:9.45.53.55.8o.92.KX).io4.io7.ii8.i37.i46.i52.

'•"•''" but as in posttraumatic epilepsy, some parts of the brain, like the
hippocampus and the sensorimotor cortex, may be more susceptible to seizure
development than others.33.56.129.196.197 Therefore, involvement of some specific
cortical areas may also be an important factor in the development of epilepsy
following a brain infarct. Studies on post-stroke seizures so far mentioned rather
large possible epileptogenic brain areas: the frontal lobe:**"'^ the frontal or
parietal lobe;"-'™ the parietal lobe;'" and the parietal or temporal lobe.s4.55.92
Taken together these studies reflect that the entire cerebral cortex, with the
exception of the occipital lobe, could potentially cause seizures when damaged
by a stroke, whereas studies on posttraumatic epilepsy showed that more discrete
areas were involved, such as the area around the central sulcus."'^•'-'> '^•'•" In a
retrospective, autopsy study on patients with cerebral vascular damage,
Richardson and Dodge'-"" already in 1954 concluded that in stroke-patients with
seizures the diseased areas were in the region of the lateral (Sylvian) and central
(Rolandic) fissures, thus in or near the sensorimotor cortex. In an earlier
retrospective study on patients with epilepsy, registered in the Maastricht
Epilepsy Case Register, who sustained prior stroke, we found the middle
temporal, superior temporal, precentral. and supramarginal gyrus frequently
involved, but no stroke patients without post-stroke epilepsy were available for
comparison (chapter 2 of this thesis)." Therefore, we could not exclude the
possibility that these four middle cerebral artery (MCA) territory gyri merely
reflected a more frequent involvement of this region in brain infarcts in general.
Therefore, in the following prospective study, we compared cortical infarct areas
on CT between brain infarct patients who developed post-stroke seizures and
those who did not, using a detailed topographical atlas.^

Patients and methods
Patients were registered between 1 July 1987 and 1 July 1992 in an ongoing
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prospective register at the University Hospital Maastricht, that includes all adult
patients admitted to the Neurological Department or seen at the outpatients'
clinic, with a first-ever symptomatic supratentorial brain infarct with symptoms
lasting longer than 24 hours. In- and exclusion criteria, data which were recorded,
investigations that were performed, definitions used (e.g. definition of brain
infarction, symptomatic versus silent infarct, and of post-stroke epilepsy),
method of assigning the patients to either one of four infarct groups (infarcts with
a rare cause, lacunar infarcts. cardioembolic territorial infarcts or remaining
territorial infarcts), methods of follow-up, and data recorded during follow-up,
are described in detail in chapter 3.
Cerebral CT scans were independently reviewed by two neurologists without
knowledge of the clinical data, except that the patient was in the register. CT
delay, number and type of abnormalities, and affected hemisphere were noted. In
those patients with a symptomatic infarct on CT. infarct type (lacunar,
striatocapsular or territorial), size, location, and whether it was haemorrhagic
were determined. The presence of leukoaraiosis was noted. In case of
disagreement on the presence of an infarct or leukoaraiosis CT was regarded as
negative for this particular item. Definitions of lacunar infarct, striatocapsular
infarct and territorial infarct are described already in chapter 3. With regard to
»j/i/rt7-5;ce' we distinguished between /«/;g? territorial infarcts that involved the
entire area supplied by the anterior or posterior cerebral artery (ACA or PCA), or
the complete or larger part of the middle cerebral artery (MCA), and territorial
infarcts that were smaller, involving only a medium size branch or a small branch
area. In addition the «/fer/e^/ #v/7 of all cortical lesions (both the symptomatic
and silent infarcts) were identified according to Bories' method-'' allowing a
detailed topographical description of cortically affected areas in different gyri.
Three groups of gyri were distinguished that largely comply with the areas
compatible with anterior, posterior and middle cerebral artery supply areas.
Although silent infarcts could be reliably differentiated from the symptomatic
one in most patients, either because of topographical incongruity with the clinical
signs and symptoms, radiological characteristics, or both, the affected gyri of the
silent infarcts were included, because excluding these silent stroke lesions would
have left us unable to detect any bias towards an association between such lesions
and the occurrence of seizures. Leukoaraiosis was defined as focal or diffuse
hypodensities in the periventricular or deep white matter, not involving the cortex
and not compatible with territorial infarction.^•'•" Different sites of leukoaraiosis
(around the frontal or occipital horn, the centrum semi-ovale. or combinations of
these) were noted, but here only the presence of leukoaraiosis regardless its
extension was used in the analyses.

During the five-year intake period 816 patients were registered. Thirteen patients
suffered epileptic seizures before their first stroke, two were lost to follow-up
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very shortly after their stroke, and thirty-one had a variety of "rare" stroke causes,
such as vasculitis, arterial dissection or haematologic disorders. These 46 patients
were excluded, leaving 770 patients for our study on post-stroke seizures, 737 of
whom had CT (96%). Median delay between stroke and CT was 5 (range 0-882)
days. In 206 patients (28%). 110 of whom had a cortical syndrome. CT showed
no infarct. In 163 patients (22%) CT showed a symptomatic lacunar infarct, in 40
(5%) a symptomatic striatocapsular infarct, and in 328 (45%) a symptomatic
territorial infarct involving the cortex. Those 328 patients were eligible for this
part of the study, however, six of them (all without seizures) were subsequently
excluded: three scans were missing, and three scans only showed spaceoccupying effect by infarct oedema as an indirect sign of infarction, leaving 322
patients who constituted our final study population. Patients with a symptomatic
territorial infarct on CT, and a presumed cardioembolic stroke cause were
considered separately, versus the remaining infarcts group.

After simply counting and comparing the number of patients with seizures in
different risk factor subgroups, differences between groups were analysed
accounting for differences in exposure time, using Incidence Rate Ratio's (IRR)
with 95% confidence intervals (CD and two-tailed p-values.'?' In addition the
influence of exact cortical location on the occurrence of post-stroke seizures
(dependent outcome variable), was statistically adjusted for differences in the
distribution of the other possible risk factors (explanatory independent variables
or covariates) by means of a Cox regression analysis (proportional hazards
model), resulting in hazard ratio's (HR) with 95% CI's and two-tailed
p-values.-*-"'*'^ As large infarct size, (cardio)embolic infarction, haemorrhagic
infarction, and cortical location of the lesion are all mentioned in the literature
as possible risk factors for the development of epileptic seizures following
a

cerebral

infarct,»•'7.45.53-55.so.90.92.100.1 o 1.104.107.11 s. 124.125.127.137.140.146.152,174.176

these

characteristics were all included in the Cox regression models as covariates.
along with the general variables age and sex.
As early-onset seizures and late-onset seizures may reflect two different
underlying epileptic mechanisms with different risk factors (results
chapter 4),43.45.46.53.61.80.V2.107.113.152.176 early- and late-onset seizures were analysed

separately. As early-onset seizures occurred by definition within two weeks
following stroke-onset, in the analyses on early-onset seizures for every patient
the maximal exposure time was set at 14 days.

Results
Fifty-four of the 322 patients (17%) experienced one or more epileptic seizures
during follow-up, after a median of 199 (range 0-1848) days between first
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symptomatic brain infarct and first epileptic seizure. Median follow-up was
longer in patients with seizures, 702 (range 8-1897) days versus 492 (range
1-1998) days in those without seizures, biasing the occurrence of seizures
towards longer follow-up, because patients with a shorter exposure time are less
likely to develop seizures. The percentage of patients who died during follow-up
was similar in both groups: 43% (95% CI: 29-56) of patients with seizures and
44% (95% CI: 38-50) of those without seizures died. However, patients without
seizures who died, died earlier after their stroke: median survival time was 81
(range 1-1781) days versus 368 (range 8-1897) days in those with seizures,
explaining the difference in median follow-up. By using IRR's and Cox
regression analyses this difference was accounted for. Median age at the time of
the symptomatic brain infarct was 74 years (range 40-88) for the patients with
seizures and 72 years (range 32-96) for the patients without seizures. Further
possible risk factors and corresponding IRR's for the patients with, and those
without seizures are shown in table 5.1 and figure 5.1. Patients with seizures were
significantly older, had significantly more often a large infarct, and their infarcts
were significantly more often haemorrhagic. Table 5.2 shows the affected cortical
gyri for both groups. Almost all MCA gyri were significantly more often affected
in patients with seizures, whereas no differences in affected PCA and ACA gyri
were found.

Tab/e 5.7: /An/ se/zures. Frequency of poss/b/e r/sfc factors /n paf/enfs w/fh and
fhose w/fhouf se/zures fo//ow/ngr a f/rsf cerebra/ /nfarcf, and the re/af/Ve
r/sfc f/flW for deve/op/ng. these se/zures when fhe r/s/r factor /s present
(•compared w/fh factor absenfj
With seiz
N= 54
N
(%)
Age < 65; young
Age 65 - 75; middle
Age > 75; old
old versus young
old versus middle
middle versus young
Male sex
Cardioembolic infarct
Large cortical infarct
Haemorrhagic infarct
Silent cortical lesion
Leukoaraiosis
Lesion in ACM territory
Lesion in ACP territory
Lesion in ACA territory

12
16
26

26
21
27
8
1
9
47
8
2

(22)
(30)
(48)

(48)
(39)
(50)
(15)
(2)
(17)
(87)
(15)
(4)

Without seiz
N=268
N
(%)
72
84
112

140
88
85
23
27
55
231
47
28

IRR

95% CI

p-value

(27)
(31)
(42)

(52)
(33)
(32)
(9)
(10)
(21)
(86)
(18)
(10)

2.64
2.18
1.21
0.67
1.60
4.31
2.45
0.18
0.98
1.31
0.86
0.35

1.33- 5.22
1.17 - 4.07
0.57 - 2.55
0.39- 1.15
0.92 - 2.76
2.53-7.34
1.16-5.19
0.02- 1.27
0.48 - 2.00
0.59 - 2.90
0.41 - 1.82
0.08- 1.43

0.005
0.014

0.000
0.019

Some paf/enfs had /nfarcfs /n more than one vascu/ar ferr/fory, therefore
fhe fota/ number of /es/ons /n /ACM, ACf! and AC/A ferr/fory exceeds 700%
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7ab/e 5.2:

Any se/zures
/4ffecfed corf/ca/ gyr/ /n paf/enfs w/fh and fhose w/fhouf se/zures
fo//ow/ng a firsf cereöra/ /nfarcf, and fne re/af/Ve r/s/f (7/?W for
deve/op/'ng fhese se/zures when fhe gyrus /s arfecfed ("compared w/fh
gyrus nof affecfedi
Witri seiz
N=54

Affected gyrus

N

Without seiz
N=268

(%)

N

(%)

IRR

95% Cl

p-value

1

•AC/W fernfory
Orbital
Superior temporal
Middle temporal
Inferior temporal
Middle frontal
Inferior frontal
Precentral

4

(7)

31

(12)

2.97

1.07 - 8.21

0.036

27

(50)

85

(32)

3.17

1.86-5.41

0.000

29

(54)

89

(33)

3.01

1.76- 5.13

0.000

9

(17)

40

(15)

2.83

1.38-5.79

0.004

10

(19)

49

(18)

1.77

0.89 - 3.51

17

(31)

70

(26)

2.36

1.33- 4.19

0.003

28

(52)

117

(44)

2.01

1.18-3.43

0.010

31

(57)

116

(43)

2.42

1.41 - 4.16

0.001

36

(67)

126

(47)

3.01

1.71 - 5.30

0.000

7

(13)

43

(16)

2.46

1.11 - 5.44

0.026

18

(33)

74

(28)

2.30

1.31 -4.06

0.004

4

(7)

35

(13)

1.78

0.64-4.92

6

(11)

46

(17)

1.51

0.65 - 3.53

Parahippocampal
Fusiform
Uncus

3

(6)

14

(5)

1.65

0.51 - 5.28

4

(7)

17

(6)

1.86

0.67 - 5.14

9

(3)

Occipital lobe

5

(9)

25

(9)

1.07

0.43 - 2.68

Cingulate
Lingual
Cuneus
Precuneus

2

(4)

9

(3)

1.11

0.27 - 4.53

3

(6)

22

(8)

0.81

0.25 - 2.60

3

(6)

1.69

0.53 - 5.40

1.27

0.31 - 5.20

Post-central

Supramarginal
Occipital lobe
Angular
Superior parietal lobule
Insular cortex
>*CP ferr/fory

^C4 fernfory
Superior frontal
Rectal
Cingulate
Precuneus
Paracentral lobule

74

0

12

(4)

0

8

(3)

0

14

(5)

0

6

(2)

0

10

(4)

0

13

(5)

9

(3)

2

(4)

7e on CT
F/gure 5.7: Poss/'b/e r/s/c factors for se/zures fo//ovw'ng a f/rsf cerebra/ /nfarcf

age > 75 vs < 75

Bold black line: any seizures
Black line: early-onset seizures
Curled line: late-onset seizures

age > 65 vs < 65

mate sex

cardioembolic infarct

large cortical infarct

haemorrhagic infarct

silent cortical lesion

leukoaraiosis

media-lesion

posterior-lesion

anterior-lesion

I
0.01

O.I

10

100

Diagram of Incidence Risk Ratio's (IRR's) with 95% confidence intervals (CI's) on a logarithmic
scale; IRR > 1 means an increased risk of seizures when the risk factor is present (compared
with factor absent); 95% Cl not including the value 1 means that the difference in risk is
statistically significant with p < 0.05
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Tab/e 5.3: Far/y-onsef se/zures
Frequency of poss/b/e r/s/c factors and affected corf/ca/ gyr/ ;'n paf/enfs
w/fh and those w/fhouf ear/y-onsef se/zures fo//ow/'ng a f/rsf cerebra/
/nfarcf, and fr/e re/af/Ve r/s/c f/RW for deve/op/ng these ear/y-onsef
se/zures when the r/s/c factor /'s present or the gyrus /s affected
(compared w/fh factor not present or gyrus not affected,/
With seiz
N=14

Age < 65
Age 65 - 75
Age > 75
Age > 75 vs age 65-75
Age > 75 vs age < 75
Male sex
Cardioembolic infarct
Large cortical infarct
Haemorrhagic infarct
Silent cortical lesion
Leukoaraiosis
Lesion in ACM territory
Lesion in ACP territory
Lesion in ACA territory

Without seiz
N=308

N

(%)

N

(%)

0
4
10

(29)
(71)

84
96
128

(27)
(31)
(42)

IRR

1.97
3.59
0.68
5.45
1.69
2.79

0.62 1.13 0.241.71 0.590.78-

0.62
2.23
0.36

0.14- 2.77
0.29- 17.07
0.05- 2.75

0.130.781.641.560.220.63 0.641.08 0.900.73 1.070.11 0.54 -

0.10- 5.88
0.37 - 21.72
0.24- 14.11

160
99
106
28
28
62
265
54
30

(52)
(32)
(34)

(7)
(50)
(71)
(36)
(14)
(36)
(57)
(71)
(71)
(29)
(50)
(7)
(21)

34
105
108
44
57
82
137
137
152
46
85
38
49

(11)
(34)
(35)
(14)
(19)
(27)
(44)
(44)
(49)
(15)
(28)
(12)
(16)

0.99
2.21
5.22
4.65
0.99
1.88
1.85
3.45
2.87
2.34
3.05
0.83
1.94

/4CP ferr/fory fon/y ffie affected gyr/V
1
Occipital lobe
(7)
1
Cingulate
(7)
1
Cuneus
(7)

29
10
14

(9)
(3)
(5)

0.77
2.84
1.85

.4CM ferr/fory
Orbital
Superior temporal
Middle temporal
Inferior temporal
Middle frontal
Inferior frontal
Precentral
Post-central
Supramarginal
Occipital lobe
Angular
Superior parietal lobule
Insular cortex

6
10
6
3
0
2
13
1

(43)
(71)
(43)
(21)
(14)
(93)
(7)

0

1
7
10
5
2
5
8
10
10
4
7
1
3

(9)
(9)
(20)
(86)
(18)
(10)

^C/4 ferr/fory fnof affecfed /'n paf/enfs vv/'fri ear/y se/zures,)

76

95% Cl

6.27
11.44
1.96
17.39
4.88
10.00

7.63
6.31
16.64
13.86
4.45
5.61
5.32
11.00
9.16
7.45
8.69
6.31
6.94

p-value

0.031
0.004

0.005
0.006

0.036

0.037

ris/t ««</ /eno/t s/7e on CT

Fourteen of the 322 patients at risk (4%) experienced their first seizure within
two weeks following stroke-onset, after a median of 1.5 (range 0-14) days.
Median follow-up was 224 (range 8-1614) days for the patients with early
seizures, and 514 (range 1-1998) days for those without early seizures. More
patients with than without early seizures died during follow-up: 71% (95% CI:
47-95%) of the patients with early seizures died after a median of 35 days, and
43% (95% CI: 37-49%) of those without early seizures died after a median of
95 days. Median age at the time of the symptomatic brain infarct was 78 years
(range 65-88) for the patients with early seizures and 72 years (range 32-96) for
the patients without early seizures, probably the explanation for the difference in
death-rate. Table 5.3 shows the frequency of possible risk factors and affected
cortical gyri in patients with and those without early-onset seizures. In figures
5.1 and 5.2 corresponding IRR's with 95% CI's are displayed graphically.
Patients with early seizures were significantly older, and had significantly more
often a cardioembolic stroke cause, whereas the middle temporal, inferior
temporal, post-central and angular gyrus were significantly more often affected.
As none of the patients younger than 65 years experienced an early seizure, the
age-limit at 65 years could not be used in the Cox regression analysis. In order
not to exclude patients below 65 years, only the age-limit at 75 years was used,
and patients younger than 75 years were analysed as one group.
Complete results of the different Cox regression analyses are shown in table 5.4.
Cox regression analysis showed that adjusted for age, sex, haemorrhagic
infarction, and infarct size (asymptomatic lesions did not occur among the
patients with early seizures), only cardioembolic stroke cause was significantly
associated with the occurrence of early seizures (HR=4.07). When, instead of stroke
cause, infarct location was added to the model, only the middle temporal gyrus
was significantly associated with the occurrence of early seizures (HR=4.06).
When both stroke cause and infarct location were included in the regression
model, beside cardioembolic stroke cause, two gyri were significantly associated
with the occurrence of early seizures: the middle temporal gyrus (HR = 3.38) and
the post-central gyrus (HR = 3.95). When both gyri were included at the same
time in one model, they both remained significantly associated (table 5.4).
Consequently, patients at risk for developing early-onset seizures were the
patients of 65 years or older with a cardioembolic brain infarct, involving at least
the middle temporal ór post-central gyrus. These 69 high risk patients (21% of
all patients at risk), of whom nine experienced early-onset seizures (64% of all
early-onset seizures; three patients died early, six had non-recurrent seizures),
had a risk of early-onset seizures of 13% (95% CI: 5-21), whereas the remaining
253 patients, of whom five experienced early-onset seizures, had a risk of earlyonset seizures of 2% (95% CI: 0-4). The IRR for this high risk group is 7.71
(95% CI: 2.58-23.00; p = 0.000).
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F/gure 5.2: 4/fecfed corf/ca/ gyn and fhe r/s/c of se/zures fo//ow/ng a ffrsf cerebra/
/nfarcf
Black line: early-onset seizures
Curled line: late-onset seizures
orbital
superior temporal

middle temporal
inferior temporal
middle frontal
inferior frontal
pre central

post-central
supramarginal
occipital lobe

angular
sup.parietal lobule
insular cortex

parahippocampal

fusiform
occipital lobe
cingulatc

lingual

paracentral lobule
I
0.01

I
0.1

I
10

Diagram of Incidence Risk Ratio's (IRR's) with 95% confidence intervals (CI's) on a logarithmic
scale; IRR > 1 means an increased risk of seizures when the gyrus is affected (compared with
gyrus not affected); 95% Cl not including the value 1 means that the difference in risk is
statistically significant with p < 0.05
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7ab/e 5.4: Cox regress/on ana/ys/s, r/s/f of ear/y-onsef se/zures
\/ar/ous mode/s as descr/bed /n f/i/'s chapter, w/fri d/fferenf var/ab/es
affecf/ng frie r/s/f of ear/y-onsef se/zures, /nc/ud/ng affecfed corf/ca/ gyrus
HR

95% Cl

p-value

HR

95% Cl

p-value
0.047

HR

95% Cl

p-value

Age > 75 vs age <75

2.54

0.75- 8.62

3.37

1.02-11.13

Male sex

1.08

0.36- 3.25

0.91

0.30- 2.74

1.01

0.33- 3.07

Haemorrhagic infarct

2.48

0.64- 9.63

2.49

0.61-10.17

2.16

0.54- 8.60

Large infarct

0.98

0.32- 3.06

1.15

0.36- 3.69

0.85

0.26- 2.75

Cardioembolic cause

4.07

1.22-13.52

4.06

1.22-13.53

0.023

HR

95% Cl

p-value

2.99

0.89-10.05

0.022

Middle temporal gyrus
Inferior temporal gyrus
Post-central gyrus
Angular gyrus

HR

95% Cl

Age 2 75 vs age < 75

3.36

0.99-11.42

Male sex

0.96

Haemorrhagic infarct

1.93

Large infarct

p-value

HR

95% Cl

p-value

3.71

1.12-12.30

0.032

0.31 - 2.93

1.01

0.34- 3.03

0.92

0.31 - 2.76

0.46- 8.01

2.39

0.56-10.27

2.30

0.58- 9.17

0.64

0.16- 2.58

0.58

0.15- 2.21

0.94

0.29- 3.08

4.02

0.96-16.87
3.70

0.99-13.78
2.19

0.72- 6.67

3.08

0.92 • 10.28

Cardioembolic cause
Middle temporal gyrus
Inferior temporal gyrus
Post-central gyrus
Angular gyrus

HR

95% Cl

p-value

HR

95% Cl

p-value

HR

95% Cl

p-value

Age > 75 vs age < 75

2.37

0.69- 8.09

2.62

0.76- 8.99

2.86

Male sex

1.13

0.37- 3.42

1.07

0.35- 3.26

1.23

0.40- 3.71

Haemorrhagic infarct

2.20

0.56- 8.59

1.91

0.47- 7.79

2.53

0.61 • 10.50

Large infarct

0.78

0.25- 2.47

0.54

0.13- 2.25

0.45

0.12-

Cardioembolic cause

3.40

1.01-11.39

0.048

3.83

1.15-12.81

Middle temporal gyrus

3.38

1.01-11.34

0.049
3.73

0.85-16.30

Inferior temporal gyrus
Post-central gyrus

0.029

0.84- 9.68

1.74

4.21 1.26-14.12

0.020

3.95

0.044

1.04-15.07

Angular gyrus

Continued on next page
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CVia/ver 5

HR

95% Cl

p-value

HR

95% Cl

p-value

HR

95% Cl

p-value

Age > 75 vs age < 75

2.41

0.71-8.16

2.53

0.74-8.68

3.22

0.96-10.83

Male sex

1.07

0.36- 3.24

1.39

0.45- 4.29

1.18

0.39- 3.62

Haemorrhagic infarct

2.20

0.57- 8.57

2.29

0.55- 9.56

2.20

0.52- 9.25

Large infarct

0.79

0.24- 2.58

0.24

0.05- 1.08

0.34

0.08- 1.40

Cardioembolic cause

3.92

1.17-13.10

3.90

1.15-13.25

0.029

4.37

1.21-15.75

0.024

4.61

1.33-16.01

0.016

5.61

1.32-23.72

0.019

4.48

1.13-17.75

0.033

Middle temporal gyrus

0.027

Inferior temporal gyrus
Post-central gyrus
Angular gyrus

2.06

0.66- 6.48

As late-onset seizures occur by definition after two weeks following strokeonset, thirty-two patients (10%) who died within these two weeks were not at
risk for late-onset seizures and were consequently excluded from the analysis.
Of the remaining 290 fourteen-day survivors, 45 patients experienced one or
more epileptic seizures later than two weeks following stroke. However, in four
of them these were early-onset seizures continuing over the arbitrary limit of two
weeks post-stroke. Therefore, we decided to include eventually 41 patients
(14%) with "real" late-onset seizures. Although in four patients the first seizure
occurred after a recurrent stroke, in accord with our study aim the first
symptomatic brain infarct was used as the index stroke, and these four patients
were analysed not taking into account the occurrence of recurrent stroke.
First late seizure occurred after 274 (median; range 18-1848) days. Median
follow-up was longer in patients with seizures, 1005 (range 21-1897) days
versus 549 (range 15-1998) days in those without late-onset seizures, biasing the
occurrence of seizures towards longer follow-up. The percentage of patients who
died during follow-up was similar in both groups: 32% (95% CI: 17-46) of
patients with late seizures and 39% (95% CI: 33-45) of those without late
seizures died. However, patients without seizures who died, died much sooner
after their stroke than the patients with late-onset seizures (median delay 134
(range 15-1781) days and 484 (range 21-1897) days respectively), largely
decreasing the median follow-up of the patients without seizures, and explaining
the difference in median follow-up. Median age at the time of the symptomatic
brain infarct was 72 years (range 40-86) for the patients with late-onset seizures.
and also 72 years (range 32-92) for patients without late-onset seizures. Table 5.5
shows the frequency of possible risk factors and affected cortical gyri in patients
with and those without late-onset seizures. Corresponding IRR's with 95% CI's
are displayed graphically in figures 5.1 and 5.2. Patients with late-onset seizures
significantly more often had a large infarct, whereas the superior temporal.
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Tab/e 5.5:

/.afe-onsef se/zures
Frequency o f poss/b/e r/s/r factors a n d affected cort/ca/ gyr/ /n 290
fourteen-day

surv/vors

af

r/sfc

for

deve/op/ng

/afe-onsef

se/zures

fo//ovw>?g a f/rsf cerebra/ /nfarcf, a n d the re/af/Ve r/s/c (7r?f?j for d e v e / o p / n g
these /afe-onsef se/zures w h e n fhe r/s/c facfor /s p r e s e n t o r the g y r u s /'s
affected ( c o m p a r e d w / f h facfor n o t presenf o r g y r u s n o f affected^
Withi seiz
N
12
13
16

Without seiz
N=249

N=41
(%>

N

(%)

<29)
(32)
(39)

62
84
103

(25)
(34)
(41)

Age < 65; young
Age 65 - 75; middle
Age > 75; old
young vs middle
young versus old
middle vs old
Male sex
Cardioembolic infarct
Large cortical infarct
Haemorrhagic infarct
Silent cortical lesion
Leukoaraiosis
Lesion in ACM territory
Lesion in ACP territory
Lesion in ACA territory

21
11
21
5
1
7
35
2
7

(51)
(27)
(51)
(12)
(2)
(17)
(85)
(5)
(17)

131
79
62
21
24
56
211
49
16

/Affected gyrus /ACM ferr/fory
Orbital
Superior temporal
Middle temporal
Inferior temporal
Middle frontal
Inferior frontal
Precentral
Post-central
Supramarginal
Occipital lobe
Angular
Superior parietal lobule
Insular cortex

3
20
20
5
8
12
20
21
26
3
11
3
3

(7)
(49)
(49)
(12)
(20)
(29)
(49)
(51)
(63)
(7)
(27)
(7)
(7)

-4ffecred gyrus /ACP ferr/fory
Parahippocampal
Fusiform
Occipital lobe
Cingulate
Lingual
Cuneus

3
4
4
1
3
2

/Affecfed gyrus/4C/A ferr/fory
Paracentral lobule

2

IRR

95% Cl

(53)
(32)
(25)
(8)
(10)
(22)
(85)
(20)
(6)

1.05
0.64
0.61
0.77
0.88
4.44
1.87
0.24
1.03
1.11
0.26
1.91

0.48 - 2.30
0.30- 1.36
0.29 - 1.27
0.42 - 1.41
0.44- 1.76
2.41 -8.19
0.73 - 4.76
0.03- 1.74
0.46-2.33
0.47 - 2.65
0.06- 1.07
0.85 - 4.31

12
65
72
24
27
51
98
97
104
25
58
16
28

(5)
(26)
(29)
(10)
(11)
(20)
(39)
(39)
(42)
(10)
(23)
(6)
(11)

3.04
2.99
2.41
1.76
1.94
2.11
1.74
1.81
2.55
1.29
1.65
1.81
0.96

0.94 - 9.85
1.62-5.51
1.31 - 4.45
0.69 - 4.49
0.90 - 4.21
1.08- 4.14
0.94-3.21
0.98 - 3.35
1.35-4.82
0.40 - 4.18
0.83 - 3.30
0.56 - 5.87
0.30-3.10

(7)
(10)
(10)
(2)
(7)
(5)

11
14
22
7
19
10

(4)
(6)
(9)
(3)
(8)
(4)

2.27
2.57
1.15
0.72
1.11
1.48

0.70-7.34
0.92 - 7.21
0.41 - 3.23
0.10- 5.25
0.34-3.61
0.36-6.11

(5)

7

(3)

1.73

0.42 -7.16

p-value

0.000

0.000
0.005

0.030

0.004

81

middle temporal, supramarginal and inferior frontal gyrus were significantly
more often affected. Two patients without late-onset seizures (an 85-year old
male with a large cardioembolic infarct, a 76-year old female with a small
cardioembolic infarct) were excluded from the Cox regression analysis, as they
were censored before the earliest event occurred, meaning they died (on day 16
and day 15 post-stroke respectively) before the first late seizure among the
patients with late-onset seizures. As these two patients were at risk for
developing late-onset seizures for as little as three days, excluding these two
patients unlikely affected the final results; consequently Cox regression analysis
was performed on 288 patients. The results of the different Cox regression
analyses are shown in table 5.6.
Cox regression analysis showed that adjusted for age, sex, haemorrhagic
infarction, asymptomatic lesions, and stroke cause, only large infarct size was
significantly associated with the occurrence of late-onset seizures (HR = 4.70).
When infarct location was added to the model instead of infarct size, the superior
temporal (ST), middle temporal (MT), supramarginal (SM), middle frontal (MF)
and inferior frontal (IF) gyrus were significantly associated with the occurrence
of late-onset seizures (HR = 2.89: HR = 2.30; HR = 2.27; HR = 2.30 and
HR = 2.04, respectively). When both infarct size and location were included in
the regression model, none of the gyri remained significantly associated with the
occurrence of late-onset seizures; only large infarct size remained significant.
Therefore, as the MF and IF gyrus are adjacent areas, the influence of the
combination MF and IF both affected was studied, which showed an IRR of 2.99
(95% CI: 1.33-6.75; p = 0.008). Because SM, ST and MT are adjacent areas the
combinations SM and ST both affected, ST and MT both affected, and SM. ST
and MT all three affected, were studied also, with resultant IRR's of 4.08
(95% CI: 2.21-7.53; p = 0.000); 3.23 (95% CI: 1.69-6.16; p = 0.000) and 4.35
(95% CI: 2.28-8.29; p = 0.000), respectively. Cox regression analysis with the
model MvV/wwf infarct size showed that all these combinations of adjacent gyri
were significantly associated with the occurrence of late-onset seizures (MF and
IF: HR = 3.37; SM and ST: HR = 3.94; ST and MT: HR = 2.95; SM. ST and MT:
HR = 3.90). However, when m/a/rf sce was also included in the model, only the
combination SM and ST both affected remained significantly associated with the
occurrence of late-onset seizures, together with large infarct size (HR = 2.26 and
HR = 2.95 respectively; table 5.6).
Consequently, patients with a first cerebral infarct at risk for developing lateonset seizures were those in whom /w/V; the supramarginal and the superior
temporal gyrus were affected, irrespective of stroke cause and infarct size. These
71 high risk patients (24% of all patients at risk), of whom 20 experienced lateonset seizures (49% of all late-onset seizures; one patient died early, eight had
non-recurrent seizures, eleven had recurrent seizures), had a risk of late-onset
seizures of 28% (95% CI: 18-38). whereas the remaining 219 patients, of whom
21 experienced late-onset seizures, had a risk of late-onset seizures of 10%
82

m/t a/id /er/on «7f rw CT

Tab/e 5.6: Cox regress/on ana/ys/s, r/s/r of /afe-onsef se/zures
l/ar/ous mode/s as descr/oed /n f/i/s c/iapfer, w/f/? d/fferenf i/ar/ab/es
affecf/ng f/ie r/s/c of/afe-onsef se/zures, /nc/ud/ng affecfed corf/ca/ gyrus
HR

95% Cl

Age young vs middle

1.36

0.60- 3.06

Age old vs middle

2.02

0.94- 4.35

1.59

0.75- 3.37

1.86

0.86- 4.00

Male sex

1.14

0.58- 2.23

0.90

0.47- 1.70

0.96

0.50- 1.83

p-value

HR

95% Cl

1.09

0.49- 2.43

p-value

HR

95% Cl

1.16

0.52- 2.60

p-value

Cardioembolic cause

0.87

0.42- 1.79

0.88

0.43- 1.79

0.73

0.35- 1.52

Silent lesion

0.27

0.04- 2.02

0.22

0.03- 1.66

0.27

0.04- 2.00

Haemorrhagic infarct

0.88

0.32- 2.44

2.35

0.90- 6.12

1.45

0.53- 3.95

Large infarct

4.70

2.34- 9.42

2.89

1.50- 5.59

0.002

HR

95% Cl

p-value

1.17

0.52 - 2.64

0.000

Superior temporal gyrus
Middle temporal gyrus
Supramarginal gyrus
Middle frontal gyrus
Inferior frontal gyrus

HR

95% Cl

1.13

0.51 - 2.53

Age old vs middle

1.53

Male sex

0.90

Cardioembolic cause

HR

95% Cl

1.10

0.49- 2.45

0.72- 3.26

1.55

0.72- 3.32

1.56

0.73- 3.32

0.47 • 1.72

0.98

0.52 - 1.87

0.92

0.48- 1.75

0.71

0.34- 1.48

0.88

0.43 - 1.79

0.92

0.45- 1.88

Silent lesion

0.28

0.04- 2.06

0.23

0.03 - 1.70

0.18

0.02 • 1.38

Haemorrhagic infarct

1.92

0.73- 5.06

1.68

0.62- 4.51

1.91

0.71 - 5.11

2.30

1.21 - 4.40

2.27

1.17- 4.40

2.30

1.01- 5.24

Age young vs middle

p-value

p-value

Large infarct
Superior temporal gyrus
Middle temporal gyrus
Supramarginal gyrus
Middle frontal gyrus

0.011
0.016
0.047

Inferior frontal gyrus

Continued on next page
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Age young vs middle

HR

95% Cl

1.16

0.52- 2.60

Age old vs middle

1.65

0.78- 3.52

p-value

HR

95% Cl

0.61 - 3.12

1.35

0.60- 3.05

2.10

0.97- 4.56

2.00

0.93- 4.30

HR

95% Cl

1.38

p-value

Male sex

0.88

0.46- 1.67

1.13

0.57- 2.20

1.15

0.59- 2.26

Cardioembolic cause

0.90

0.44- 1.83

0.78

0.37- 1.65

0.72

0.34- 1.53

Silent lesion

0.23

0.03- 1.72

0.27

0.04- 2.05

0.32

0.04- 2.39

Haemorrhagic infarct

1.90

0.71 - 5.06

0.83

0.30- 2.32

4.14

2.02 • 8.47

1.78

0.92- 3.48

HR

95% C!

0.85

0.31 - 2.38

Large infarct

3.65

1.61 - 8.28

Superior temporal gyrus

1.59

0.73- 3.45

0.002

Middle temporal gyrus

p-value

0.000

Supramarginal gyrus
Middle frontal gyrus
2.04

1.01 - 4.14

0.048

HR

95% Cl

p-value

Age young vs middle

1.35

Age old vs middle

1.97

Male sex

1.14

0.59- 2.23

1.16

Cardioembolic cause

0.84

0.41 • 1.73

0.87

Silent lesion

0.27

0.04- 2.05

0.21

Haemorrhagic infarct

0.79

0.28- 2.22

4.02

1.94- 8.34

1.61

0.80- 3.23

Inferior frontal gyrus

Large infarct

HR

95% Cl

0.60- 3.03

1.35

0.60- 3.05

1.37

0.61 - 3.08

0.91 - 4.28

1.89

0.87- 4.08

1.98

0.92- 4.25

0.58- 2.29

1.11

0.56- 2.18

0.42- 1.80

0.86

0.42- 1.78

0.03- 1.63

0.27

0.04- 2.03

0.75

0.26- 2.13

0.85

0.31 - 2.35

4.49

2.24- 9.00

4.32

2.10- 8.87

2.01

0.88- 4.61
1.42

0.69- 2.92

0.000

p-value

0.000

p-value

0.000

Superior temporal gyrus
Middle temporal gyrus
Supramarginal gyrus
Middle frontal gyrus
Inferior frontal gyrus

Continued on next page

84

C7"

n.sit

HR

95% Cl

p-value

HR

95% Cl

p-value

HR

95% Cl

Age young vs middle

1.14

0.51- 2.56

1.26

0.57- 2.83

1.16

0.52- 2.60

Age old vs middle

1.43

0.67- 3.07

1.79

0.83- 3.87

1.65

0.77- 3.52
0.49- 1.79

p-value

Male sex

0.91

0.47 - 1.73

0.96

0.50- 1.84

0.94

Cardioembolic cause

0.90

0.44- 1.83

0.68

0.33- 1.43

0.71

0.34- 1.48

Silent lesion

0.19

0.03- 1.42

0.28

0.04- 2.13

0.32

0.04- 2.37

Haemorrhagic infarct

1.61

0.58- 4.46

1.27

0.46- 3.49

1.48

0.54- 4.05

3.37

1.37- 8.28

3.94

2.02- 7.70

2.95

1.45- 6.00

0.003

HR

95% Cl

p-value

Large infarct
MF and IF gyrus

0.008

SM and ST gyrus

0.000

STand MT gyrus
SM, STand MT gyrus

HR

95% Cl

p-value

HR

95% Cl

p-value

Age young vs middle

1.13

0.50- 2.51

1.32

0.59- 2.98

1.39

0.62- 3.13

Age old vs middle

1.47

0.68- 3.18

1.80

0.82- 3.93

2.01

0.92- 4.37

Male sex

0.93

0.49- 1.77

1.15

0.58- 2.27

1.08

0.55- 2.11

Cardioembolic cause

0.68

0.32- 1.43

0.85

0.41 - 1.76

0.74

0.35- 1.56

Silent lesion

0.35

0.05- 2.58

0.24

0.03- 1.77

0.29

0.04- 2.18

Haemorrhagic infarct

1.34

0.49- 3.67

0.74

0.26- 2.10

0.84

0.30- 2.36

2.95

1.28- 6.84

0.011

2.26

1.02- 5.02

0.045

Large infarct

4.23

2.08- 8.60

MF and IF gyrus

2.29

0.93- 5.64

0.000

SM and ST gyrus
STand MT gyrus
SM, STandMTgyrus

3.90

1.90- 8.02

0.000

HR

95% Cl

p-value

Age young vs middle

1.33

0.59- 3.00

1.26

0.56- 2.83

Age old vs middle

1.99

0.92- 4.30

1.81

0.83- 3.95

Male sex

1.14

0.58- 2.24

1.10

0.56- 2.15

HR

95% Cl

Cardioembolic cause

0.75

0.35- 1.61

0.72

0.34- 1.52

Silent lesion

0.32

0.04- 2.39

0.34

0.05- 2.57

Haemorrhagic infarct

0.82

0.29- 2.29

0.80

0.28- 2.23

Large infarct

3.87

1.79- 8.35

3.44

1.57- 7.51

1.65

0.76- 3.61
2.18

0.99- 4.83

0.001

p-value

0.002

MFand IF gyrus
SM and ST gyrus
STand MT gyrus
SM, STandMTgyrus
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Chapter 5

(95% Cl: 6-14). The IRR for this high risk group is 4.08 (95% CI: 2.21-7.53;
p = 0.000). When infarct size was taken into account, the high risk group could
be described as: patients with a large brain infarct, that affected at least either
the supramarginal or the superior temporal gyrus. These 69 high risk patients
(24% of all patients at risk), of whom 20 experienced late-onset seizures (49% of
all late-onset seizures; two patients died early, nine had non-recurrent seizures,
nine had recurrent seizures), had a risk of late-onset seizures of 29% (95% CI:
18-40), whereas the remaining 221 patients, of whom 21 experienced late-onset
seizures, had a risk of late-onset seizures of 10% (95% CI: 6-14). The IRR for
this high risk group is 5.07 (95% CI: 2.75-9.36; p = 0.000).

Discussion
So far it remained uncertain what factors predict the occurrence of epileptic
seizures following a brain infarct. In this prospective study on 322 patients with
a first CT-confirmed symptomatic brain infarct involving the cerebral cortex, we
found that old age at the time of the brain infarct, large infarct size,
haemorrhagic infarction, and involvement of certain cortical MCA territory gyri
all increased the risk of seizures. Reason for including only stroke patients with
CT-confirmed infarcts relates to our study aim to investigate infarct
characteristics on CT as risk factors for post-stroke seizures. Because patients
with a shorter survival are less likely to have seizures, follow-up in patients with
seizures was consequently longer. Nevertheless, follow-up in the seizure free
group was long enough to develop seizures: a median of 492 days, whereas the
median seizure-delay was only 199 days. In the analyses we accounted for these
differences in exposure times and excluded this bias. As early-onset and lateonset seizures may represent two different types of epilepsy, they were analysed
separately.

The high risk group for developing early-onset seizures, with an almost
times increased risk, were patients of 65 years or older with a cardioembolic
brain infarct involving at least the middle temporal or post-central gyrus. In
comparison with the high risk group from the previous chapter, CT-scan
features, especially infarct location, added no extra value to the prediction of the
risk of early-onset seizures. In both chapters twenty per cent of all patients
belonged to the high risk group with an eight times increased risk. It seems that
early-onset seizures can be predicted from clinical features alone.
Prophylactic treatment with anti-epileptic drugs shortly after stroke-onset could
be considered in the high risk patients, but, it still remains questionable whether
such treatment can be started soon enough to prevent the occurrence of the very
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early seizures, which occur within 48 hours after stroke-onset and comprise half
of all the early seizures.

We found that among the 290 fourteen-day survivors the high risk group, with a
/o«r times increased risk for developing late-onset seizures, were patients with a
brain infarct involving l?o//i the supramarginal and the superior temporal gyrus,
ór the patients with a /a/-£f brain infarct involving at least either the
supramarginal ór the superior temporal gyrus, in whom such risk is //ve times
increased.
In comparison with the high risk group from the previous chapter, CT-scan
features, especially infarct location, were very helpful in reducing the high risk
group from more than half of all patients, to only one quarter of all patients.
Unfortunately, the percentage of patients with seizures that could be predicted
were also almost halved: from 86% to 49%, and the relative risk decreased from
eight times to five times. It seems that CT-scan features are useful in predicting
the risk of late-onset seizures, however, prophylactic treatment with antiepileptic drugs for this high risk groups still seems not feasible, as a rather large
number of patients has to be treated to prevent seizures in a relatively small
number of them, and as fifty per cent of the seizures will occur in the low risk
group. Treatment after a first late seizure would therefore be a more preferable
policy, but even then advantages and possible drawbacks of anti-epileptic drug
use in elderly stroke patients should be carefully counterbalanced.
In this chapter a selective patient-group was used. In our opinion, this patientgroup is a fairly good sample of the total patient population. Forty-two percent
of all patients are included without differences in sex distribution: 44% of the
young patients, 37% of the middle aged patients, and 44% of the older patients.
The percentage of patients with post-stroke seizures, however, was somewhat
higher, probably related to the higher risk of post-stroke seizures in territorial
infarcts, especially those aged < 75 years: 64% of all epilepsy patients are
included, 50% of those with early-onset seizures, and 71% of those with lateonset seizures. However, we do not expect our results to be biased by this
difference, especially as. although a selective patient-group was used, the results
of this chapter again justify the distinction between early- and late-onset
seizures, and they confirm the hypothesis that early- and late-onset seizures may
differ in terms of seizure mechanism, as we described in chapter 4. From this
chapter it appeared that there are also differences in epileptogenic cortical gyri
between early-onset and late-onset seizures.
Our finding that large infarct size is a risk factor for post-stroke seizures
(especially for late-onset seizures) concurs with that of others,*"-"'"-'»'-'-".!"
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whereas cardioembolic stroke cause only increased the risk of early seizures.'*"
However, in contrast with the view of others,-**-"" we did not find haemorrhagic
infarction on CT to occur more often in the seizure group (neither early- nor lateonset), or to be an independent predictor of seizures, but this could be related to
the low frequency of haemorrhagic infarction in our study. Asymptomatic
cortical lesions did not increase nor lower the risk of early nor late-onset seizures
following a brain infarct in the regression analyses, supporting our decision to
use the first symptomatic brain infarct as the index stroke in all patients whether
or not they had sustained recurrent stroke. We found that the frequency of silent
cortical lesions was lower in the seizure group, which may even point at a
protective effect.
Exact cortical location of the lesion was related to the occurrence of seizures,
and suggested the existence of specific epileptogenic cortical gyri. We found
four middle cerebral artery (MCA) territory gyri significantly more often
affected in patients with post-stroke seizures: the middle temporal and postcentral gyrus in those with early-onset seizures, and the supramarginal and
superior temporal gyrus in those with late-onset seizures. This finding concurs
with the results, described in chapter 2, of our earlier retrospective study in
epilepsy patients with prior stroke, in whom we found the middle temporal,
superior temporal, precentral and supramarginal gyrus more frequently
affected.*" With the results from this prospective study we can now exclude the
possibility that these four MCA territory gyri merely reflected a more frequent
involvement of this region in brain infarcts in general, and conclude that they
really do form epileptogenic areas. Figure 5.3 shows the location of these gyri.
In the traumatic injured brain the lesions with the highest risk of posttraumatic
seizures involved the central-parietal region,J-VS6.129.196.197 according with the
general rule "the closer the (traumatic) lesion to the central sulcus, the greater
the possibility of seizure development"."" Our data show that this rule does not
simply hold true for ischaemic stroke. It is partly true for early seizures, although
the temporal area below the superior temporal sulcus showed to be rather
vulnerable too. For late-onset seizures, however, the most vulnerable area lies in
the temporal region below the lateral sulcus, and in the parietal region above the
lateral sulcus: the superior temporal and supramarginal gyrus appear to form an
epileptogenic area for late post brain infarct seizures. This difference in riskregions may indicate that different parts of the brain can be affected by different
mechanisms causing hyperexcitation leading to epileptic activity.
We realize that our results apply only to stroke patients with CT-confirmed brain
infarcts. Infarct visualisation may not only depend on infarct size, but also on the
timing of CT: one quarter of clinically diagnosed patients with a cortical
syndrome had no infarct on CT. Future MRI studies may further validate the
role of certain brain areas in the development of post-stroke seizures.

88

/ei/Tv ri'jJt tf « d /es/o/i j;Ve «n C T

F/gure 5.3: Z.ocaf/on of ep/7epfogen/c corf/ca/

FVecentral

Central
g^lcus
/

Fbst-central
gyrus

Supra marginal
gyrus

Superior
temporal gyrus

"^^ta»«^^\
Middle temporal
gyrus

Superior
temporal sulcus

Infarction of dark area correlates with early-onset seizures
Infarction of light grey area correlates with late-onset seizures

Chapter conclusions
•

Results of this chapter suggest that specific epileptogenic cortical areas exist,
however they differ between patients with early- and those with late-onset
seizures

• The risk of developing early-onset seizures is eight times higher in patients
65 years or older with a cardioembolic brain infarct involving at least the
middle temporal or post-central gyrus. In the previous chapter the same risk
was found. Infarct location seemed to add no extra value to the prediction of
the risk of early-onset seizures: early-onset seizures can be predicted from
clinical features alone
• The risk of late-onset seizures is five times higher in patients with a large
infarct involving the supramarginal or superior temporal gyrus. In
comparison with the high risk group from the previous chapter, infarct
location reduced the high risk group from more than half of all patients, to
only one quarter of all patients, and is therefore useful in predicting the risk
of late-onset seizures
• These data may influence treatment decisions in stroke patients with regard to
"prophylactic" anti-epileptic drug treatment
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CHAPTER 6

During the past decade there has been growing interest in the acute
pharmacological treatment of brain infarct patients. Studies in laboratory
animals have suggested that the functional recovery after experimental brain
injury is influenced by a variety of drugs administered shortly before, during, or
shortly after brain injury. For example, amphetamines, certain benzodiazepines,
insulin and ACE inhibitors have been reported to improve neurological
outcome."'**-'"*'-'"-is8.i8^-i9i,i94 whereas certain antihypertensives, neuroleptics,
benzodiazepines, and certain anticonvulsants may be detrimental and impair
recovery after focal brain injury. 28.57.72.i6i.1w It is not yet certain that these
findings in brain-injured animals are also applicable to humans, however, some
studies suggest that similar effects may occur in humans.4'-™.7i.7.i-75 Although the
results of studies so far should be interpreted very carefully, it may be
recommended to use the possible detrimental drugs with caution and, whenever
possible, to avoid their use in the peri-infarct period.™-^
Relating to this presumption that drugs administered during the acute phase after
a brain infarct can influence functional recovery, we hypothesised that drugs
administered during the acute phase after stroke might also influence the
occurrence of post-stroke seizures. Not only could certain drugs have a direct
toxic effect on the brain resulting in seizures, but they may also facilitate the
formation of an epileptic focus that may cause seizures later on.
In chapter 4 we found that theophylline treatment before a brain infarct
increased the risk of early-onset seizures. As COPD without theophylline use
was not related to the occurrence of such seizures, we concluded that
theophylline triggered the seizures, not the concomitant COPD. Theophylline is
a methylxanthine known to be able to cause seizures and other serious sideeffects, such as cardiac arrhythmias, brain damage and even death, when serum
levels are above 35 mg/1 (therapeutic range being 10-20 mg/I).^.i6'>.i78 The
mechanism of theophylline induced seizures remains unclear, although
inhibition of phosphodiesteiase resulting in antagonism of the inhibitory effects
of adenosine may play a role.<*-'-^'-"> However, advanced age, a low serum
albumin, haemodynamic and hepatic dysfunction, pre-existing neurologic
disease or brain injury, and the concomitant use of certain antibiotics or
cimetidine, may all increase the likelihood of theophylline induced
seizures, ">•-*<>•''*•'^-i™-'^ even when theophylline is used with therapeutic or low
serum levels.'n--to.i38.i69 in addition, in patients receiving long term theophylline
therapy, significant toxic reactions, such as seizures, can occur at <//;v serum
concentration.'8-IM
Besides theophylline, a wide variety of other drugs may cause seizures.^-'-*
Certain drugs are frequently associated with seizures, even in the absence of
predisposing factors, such as reduced drug elimination capacity, or neurologic
abnormalities such as epilepsy and conditions with blood-brain barrier
breakdown.** Examples of these drugs, that may cause seizures at therapeutic
doses in "normal" neurologically unimpaired patients, are phenothiazines,
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especially chlorpromazine. and butyrophenones such as haloperidol.^ The
mechanism by which these drugs cause seizures is unknown.*"'
Some drugs cause seizures only when used in supratherapeutic doses (toxic
effect, overdose) or in patients with predisposing conditions.7.so.h5.«>.79.9(>.i23.i95
A large number of drugs belong to this group, such as tricyclic antidepressants,
lidocaine and structurally related antiarrhythmic agents, beta-adrenergic
blocking agents, cardiac glycosides (digoxin), antihistamines, hypoglycaemic
agents (insulin), beta-lactam antibiotics (especially penicillin), quinolone
antibiotics, the antituberculosis agent isoniazid. antiviral agents, antineoplastic
agents, and immunosuppressive agents.^0^.66,79.96.123,195 The anticonvulsants
phenytoin and carbamazepine can paradoxically exacerbate seizures in drug
overdosage.^ For most drugs the mechanism by which they cause seizures is
unknown, however for some drugs a speculative mechanism has been described.
Lidocaine and structurally related antiarrhythmic agents may interfere with
membrane stability.**-'--'' Digoxin may cause membrane instability and increased
irritability by disregulating sodium and potassium transport.™'*'''* Beta-lactam
antibiotics, especially penicillin, cause seizures by antagonizing gammaaminobutyric acid inhibition, both via the GABA receptor and the
benzodiazepine receptor.?.hs.79.123.195 Quinolone antibiotics produce seizures,
probably by inhibiting GABA-binding to membrane receptors.**-*"* The
antituberculosis agent isoniazid probably causes seizures by antagonizing
pyridoxal phosphate, the active form of pyridoxine (Vitamin B,,). resulting in
reduced brain levels of GABA.f>s.w>.i23 j h e immunosuppressive agent cyclosporin
probably produces structural injury to the CNS leading to seizures.**
Finally, seizures can be related to drug withdrawal following prolonged
administration.** Alcohol and sedative drugs are examples of such drug types.**
Obviously, a wide variety of drugs can cause seizures, usually, but not
exclusively when used in overdose, and also when administered in therapeutic
doses to neurologically unimpaired patients. However, infarction may render the
brain more susceptible to such drugs because of blood-brain barrier (BBB)
impairments and increased permeability.*" Consequently, increased CNS
penetration to drugs, that normally do not pass the BBB. may more readily lead
to central side-effects in patients with normal serum drug levels.
As we found obvious differences between early-onset and late-onset seizures
(chapters 3-5), in this chapter, the influence of drugs on early-onset seizures and
on late-onset seizures was studied separately. This distinction was also important
because of the difference in seizure delay. Early-onset seizures occurred shortly
after stroke onset, and therefore enabled us to study the possible direct toxic
effect of certain drugs, administered shortly before stroke onset, on the brain
resulting in early seizures. Late-onset seizures occurred with variable delay and
could therefore be influenced by drugs that were administered in the first weeks
after stroke-onset. As a result of this longer delay a direct toxic effect on the
brain was less likely, however, certain drugs might be able to facilitate the
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formation of an epileptic focus that may cause seizures later on. This possibility
could be studied in the patients with late-onset seizures.

Patients and methods
Patients were registered in an ongoing prospective register at the University
Hospital Maastricht, that includes all adult patients admitted to the Neurological
Department or seen at the outpatients' clinic, with a first-ever symptomatic
supratentorial brain infarct with symptoms lasting longer than 24 hours. In- and
exclusion criteria, data recorded, investigations performed, definitions used, CTscan features, and methods of follow-up are described in detail in the previous
chapters. As described in chapter 3 during the intake-period of five years, 816
patients with a first-ever supratentorial brain infarct were registered. Forty-six
patients were excluded for different reasons (see chapter 3), leaving 770 patients
for our study on post-stroke seizures.
For every patient, medication used at the time of stroke and drugs administered
during the first 28 days after the stroke were recorded. Patient medications on
admission were determined by reviewing neurologists' and nurses' notes, and,
whenever available, general practitioners' referral notes. Drugs prescribed
during hospitalization were noted directly from physicians' order sheets and the
nursing card-index system of drug administration. Discharge medication was
determined by reviewing nurses' and physicians' discharge notes. For patients
only seen at the outpatients' clinic, or discharged before the 28th day after
stroke-onset, medication use was determined by reviewing their medical records
at the outpatients' clinic.
As a large number of different drugs was used, it was not possible to analyse the
effect of each single individual drug on the occurrence of seizures. Therefore,
drugs were grouped by class, according to their chemical structure or
pharmacological action. ">*•'<*
The following classes were distinguished and analysed:
- hypnotics and anxiolytics. subdivided in benzodiazepines, and barbiturates
- psychotropic drugs, subdivided in neuroleptics / antipsychotics, and
antidepressants
- psychoactive drugs (only the xanthine theophylline was used)
- antihypertensive drugs acting on the CNS:
clonidine. methyldopa, and reserpine
- B-adrenoceptor blockers (betablockers), used as an antihypertensive
as well as those used as antidysrhythmia or other indications
- diuretics
- vasodilators, subdivided in three classes:
- calcium channel blockers
- angiotensin converting enzyme (ACE) inhibitors
- remaining group including, organic nitrates, hydralazine, and prazosin
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- cardiac antidysrhythmic drugs (betablockers and calcium channel blockers
used for this indication are considered separately above) including:
- cardiac glycosides: digoxin
- membrane stabilising drugs that act through sodium channel blockade:
quinidine, disopyramide, mexiletine. flecainide, and propafenone
- lengtheners of refractoriness without sodium channel blockade:
amiodarone
- histamine antagonists, subdivided in histamine H,- and FL-receptor
antagonists
- antidiabetic agents, subdivided in insulin, and oral antidiabetes drugs
- corticosteroids
- vitamin B and multivitamins containing vitamin B (remaining vitamins
were used infrequently and therefore not analysed)
- antimicrobial drugs, of which only the antibacterial drugs (antibiotics)
were analysed, subdivided in the following classes:
- beta-lactams; penicillins and cephalosporins separately
- aminoglycosides; - sulphonamides; - tetracyclines;
- azoles: - quinolones; - macrolides;
- others including chloramphenicol and vancomycin
Remaining drug-classes were not analysed, either because nearly all patients
were treated with such a drug (e.g. aspirin, heparin), or because only a very few
patients were treated with drugs from one of these classes (e.g. morphine in
terminal patients, or hormones and anti-hormones), or because we did not expect
any influence on seizures of one of these drugs (such as laxatives, and medicines
for outward application, external or topical use).
Because of the findings in the previous chapters, early- and late-onset seizures
were analysed separately. As early-onset seizures occurred after a median delay
of only one day following stroke-onset (chapter 3), the drugs administered after
hospitalization could hardly have influenced the occurrence of these very early
seizures, for most of these seizures already occurred before drug-administration
was started. Therefore, only the medications used before stroke-onset were
analysed in all 770 patients to study the drugs' influence on the occurrence of
early-onset seizures. Late-onset seizures, however, occurred by definition two
weeks or more after stroke-onset. Therefore, only the 716 patients who survived
at least two weeks after their stroke were at risk for experiencing late-onset
seizures, and all medications administered during this first two weeks following
stroke-onset could have influenced the occurrence of late-onset seizures, and
were therefore analysed. As it is unknown when the formation of an epileptic
focus takes place after a brain infarct, separate analyses were performed for
drugs administered during the first 48 hours following stroke-onset, drugs
administered during the first week, and drugs administered during the first two
weeks after stroke-onset.
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After simply counting and comparing the number of patients with seizures in
each different class of medication, differences in the occurrence of seizures
between patients taking and those not taking the specific drug were analysed
accounting for differences in exposure time, using Incidence Rate Ratio's (IRR)
with 95% confidence intervals (CI) and two-tailed p-values.'-*" When the number
of patients in a specific risk group was less than five, or even equal to zero.
Fisher's exact test was used to estimate the two-tailed p-value.••-•"''"•' In addition
the estimated effect of each class of medication on the occurrence of post-stroke
seizures, was statistically adjusted for differences in the distribution of the risk
factors already discovered in the previous chapters, being age, cardiac source of
embolism, and clinical syndrome, for early-onset seizures, and clinical
syndrome, and Rankin score > 3 for late-onset seizures, by means of a Cox
regression analysis (proportional hazards model) resulting in hazard ratio's (HR)
with 95% CI's and two-tailed p-values.-»--"*'*-*
As early-onset seizures occurred by definition within two weeks following
stroke-onset, in the analyses on early-onset seizures for every patient the
maximal exposure time was set at 14 days. In the analyses on late-onset seizures
the patients' complete available length of follow-up was used. Age was divided
in three categories as described in the previous chapters: age < 65 years,
65 < age < 75, and age > 75 years. As none of the patients younger than 65 years
had early-onset seizures, the age-limit at 65 years could not be used in the Cox
regression analysis on early-onset seizures, and again only the age-limit at
75 years was used.

Results

Twenty-eight patients of the 770 patients at risk (4%) experienced early-onset
seizures after a median delay of I day (range by definition 0-14 days) following
stroke-onset. Table 6.1 shows the number of patients with and those without
early-onset seizures that had taken certain medications before stroke-onset, with
IRR's indicating the differences between patients with and those without certain
medications, and the risk of early-onset seizures when drugs from a certain drugclass were taken. IRR's and their 95% CI's are graphically displayed in figure 6.1.
Several drugs were related to the occurrence of early-onset seizures. However,
as we found in chapter 4 that patients at risk for developing early-onset seizures
were those of 65 years or older who had a cortical syndrome, a Rankin score > 3.
and a potential cardiac source of embolism, the estimated effect of each class of
medication on the occurrence of early-onset seizures had to be adjusted for
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7ab/e 6.7: Ear/y-onsef se/zures: Med/caf/ons fa/ren before sfroüre-onsef ;n paf/enfs
w/fh and fhose w/'fhouf ear/y-onsef se/zures fo//oi/v/ng a frrsf cerebra/
/nfarcf, and fne re/af/Ve r/s/r (7flr?J for deve/op/ng these ear/y-onsef
se/zures when drugs from a cerfa/n drug-c/ass had been used
Withl seiz

Without seiz

N=28

N=742

Drug-class

N

(%)

N

(%)

IRR

Benzodiazepines
- SDZ vv/f/?draiva/
Barbiturates
Neuroleptics
Antidepressants
Xanthines
Central antihypertensives
Diuretics
(J-adrenoceptor blockers
Calcium channel blockers
ACE inhibitors
Other vasodilators
Other antidysrhythmics''
- d/gox/n
- membrane sfafo/7/sers
- am/odarone
Histamine antagonists
- H,-receptor anfagon/sfs
- Hp-recepfor anfagon/sfs
Antidiabetic agents^
- /nsu//n
- ora/ anf/d/abefes drugs
Corticosteroids
Vitamin B complex
Antibacterial drugs^
- Sefa-/acrams
- Pen/c////ns
- Cep/ia/ospor/ns
- /Am/nog/ycos/des
- Su/p/7onam/des
- Tefrac/c//nes
- 4zo/es or Qu/no/ones
- Macro//des
- Of/iers

8
8
0
1
0
6
1
12
4
2
1
10
10
9
7
0
3
0
3
4
0
4
3
3
1
0
0
0
0
0
7
0
0
0

(29)

94
30
2
5
14
29
19
225
133
79
95
137
98
83
6
73
40
77
23
86
27
67
29
23
15
74
72
2
7
7
7
0
0
7

(13)

2.80
9.86

1.23- 6.35
4.34-22.40

4.54

0.62 -33.41

a;

6.79
1.35
1.81
0.79
0.64
0.26
2.57
3.71
3.55
4.98

2.75- 16.75
0.18- 9.94
0.85 - 3.82
0.27 - 2.28
0.15- 2.71
0.04- 1.92
1.19- 5.56
1.71 - 8.03
7.67 - 7.84
0.68-36.67

(5)

2.11

0.64-

(12)

3.87
1.30

7.77- 72.83
0.45- 3.75

7.73
2.94
3.62
2.27

0.600.891.09 0.31 -

(0)
(4)
(0)
(21)
(4)
(43)
(14)
(7)
(4)
(36)
(36)
«2;

(11)
f77;
(14)

(11)
(11)
(4)

<<D*
(1)
(2)*
(4)
(3)
(30)
(18)
(11)
(13)
(18)
(13)
Ï72;

(4)
(3)
(2)
«;*
f2;*

95% Cl

p-value
0.014
0.000

0.000

0.017
0.001
0.002

7.00

5.00
9.73
11.99
16.70

0.027

0.035

r<7;*
r<7;*
26.57

3.60 - 795.70

0.007

: ten patients had a combination of drugs from different subgroups
= two patients had both insulin and oral antidiabetics
= three patients had a combination of antibacterial drugs from different subgroups
= Two tailed Fisher Exact test p-value = 1.000
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7ab/e 6.2: Cox regress/on ana/ys/s, r/s/f of ear/y-onsef se/zures
l/ar/ous mode/s as descr/bed /n fn/s crtapfer: Drugs used before
sfro/re-onsef and f/?e a/ready d/scovered r/sfc factors from c/iapfer 4
HR

95% Cl

p-value

HR

0.003

95% Cl

p-value

HR

3.97

1.55-10.12

0.004

2.01

0.93- 4.35

95% Cl

p-value

3.97

1.56-10.08

0.004

1.51

0.69- 3.30

Age > 75 vs age < 75

4.12

1.62- 10.51

Male sex

1.84

0.86- 3.96

Cardioembolic cause

3.04

1.38- 6.70

0.006

3.17

1.44- 7.01

0.004

3.03

1.38- 6.66

0.006

Cortical syndrome

9.62

1.29-71.64

0.027

9.09

1.22-67.71

0.031

9.86

1.33-73.35

0.025

2.50

1.09- 5.73

0.031
6.02

2.37-15.24

0.000

95% Cl

p-value

0.002

Benzodiazepines
Theophylline
^-receptor antagonists
Vitamin B

HR

95% Cl

p-value

HR

0.002

95% Cl

p-value

HR

3.86

1.50- 9.93

0.005

4.37

1.68-11.35

1.88

0.87- 4.06

1.76

0.80- 3.90

Age > 75 vs age < 75

4.33

1.69- 11.08

Male sex

1.90

0.88- 4.13

Cardioembolic cause

3.06

1.39- 6.74

0.006

3.07

1.39- 6.80

0.006

3.02

1.36- 6.67

0.006

Cortical syndrome

9.56

1.28-71.25

0.028

9.62

1.29-71.68

0.027

9.37

1.26-69.78

0.029

2.44

1.06- 5.61

0.035

5.22

1.95-13.97

0.001

2.05

0.54- 7.73

Benzodiazepines
Theophylline
preceptor antagonists

3.79

1.14- 12.62

0.030

Vitamin B

2.63

0.78- 8.85

Tab/e 6.3: Cox regress/on ana/ys/s, r/sfc of ear/y-onsef se/zures
Drugs used before sfro/re-onsef:
Ear/y 6DZ w/fhdrawa/ /'nsfead of 6DZ use
HR

95% Cl

p-value

HR

95% Cl

p-value

Age > 75 vs age < 75

4.33

1.70-11.01

0.002

4.55

1.77-11.65

0.002

Male sex

2.34

1.07-

5.11

0.033

2.19

0.98 • 4.90

Cardioembolic cause

2.94

1.34- 6.46

0.007

3.10

1.41 - 6.80

0.005

Cortical syndrome

8.90

1.20-66.34

0.033

9.56

1.28-71.31

0.028

Early BDZ withdrawal

7.83

3.35 - 18.31

0.000

8.26

3.43-19.87

0.000

Theophylline

4.23

1.61-11.06

0.003

preceptor antagonists

3.63

0.97-13.60
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differences in the distribution of these already discovered risk factors. Therefore,
Cox regression analysis was performed with the variables age, sex, cardiac
source of embolism, clinical syndrome, and drug-class in the model (table 6.2).
The Rankin score could not be included in the model as all patients with earlyonset seizures had a Rankin score > 3. Every single drug-class was included in
the model one by one. High age, the presence of a cardiac source of embolism
(CE), and a cortical syndrome, remained significantly associated with the
occurrence of early-onset seizures in all analyses, with HR's closely varying
around the HR's as found for these variables in chapter 4, which were four, three
and ten, respectively. Results of the Cox regression analyses are shown in table
6.2. Three drug-classes appeared significantly associated with the occurrence of
early-onset seizures: benzodiazepines (HR = 2.50); theophylline (HR = 6.02);
and histamine H^-receptor antagonists (HR = 3.79). When these three drugclasses were analysed together in one model, only benzodiazepines and
theophylline remained significantly associated with the occurrence of earlyonset seizures (table 6.2).
Consequently, //i? /j/g/7 m t gra/f/? /or </nWo/j//?£ rar/v-o/wé"/ .ve>/c»r£'.v after a
first-ever symptomatic supratentorial brain infarct were patients of 65 years or
older who had a cortical syndrome, a Rankin score > 3, and a potential cardiacsource of embolism, and who had used benzodiazepines or theophylline shortly
before stroke-onset. There were 29 of such patients (4% of all patients at risk) of
whom seven experienced early-onset seizures (25% of all early-onset seizures;
two patients died early, five had non-recurrent seizures), and consequently had a
risk of early-onset seizures of 24% (95% CI: 8-40). whereas the remaining 741
patients, of whom 21 experienced early-onset seizures, had a risk of early-onset
seizures of 3% (95% CI: 2-4). The IRR for this high risk group is 11.71
(95% CI: 4.98-27.54: p = 0.000).
Subsequently, the 102 patients using benzodiazepines (BDZ) were further
analysed regarding two characteristics: duration of BDZ action and
(dis)continuation of treatment. Firstly, the duration of BDZ action: 59 patients
used a short-acting agent and 6 of them developed seizures (10%); 22 patients
used a longer-acting agent and 2 developed seizures (9%); 21 used a long-acting
agent and none developed seizures. Secondly, the patients using BDZ were
analysed with regard to whether or not they continued to use BDZ's after strokeonset: 64 patients continued to use BDZ's after stroke-onset for at least one day,
and none of them experienced early-onset seizures. However, in the remaining
38 patients the administration of BDZ's was abruptly discontinued early after
stroke-onset: eight of these patients (21%) developed early-onset seizures.
The risk of early-onset seizures for patients who did not use BDZ at all was
similar to the risk of those who used BDZ and continued to use them early after
stroke-onset (Fisher Exact two tailed p = 0.245). Therefore, in the Cox
regression analyses, these two patient groups were analysed as one group and
compared with the patients in whom the BDZ administration was abruptly
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discontinued early after stroke-onset. Adjusted for the other risk factors, high
age, cortical syndrome, and cardiac source of embolism, abruptly discontinuing
BDZ's was significantly associated with the occurrence of early-onset seizures
(HR = 7.83; see table 6.3). When BDZ withdrawal, and the other two
significantly associated drug-classes, theophylline and histamine H^-receptor
antagonists, were analysed together in one model, the results were as shown in
table 6.3, confirming the association of BDZ withdrawal and theophylline use
with the occurrence of early-onset seizures. Patients using theophylline at
stroke-onset all continued to use this drug for at least two weeks after stroke.
Consequently. f/?^ /i/g/j ra£ #/•««/? ƒ:>/" rfeiWopmg ear/y-o/n'e/ s^/cures a/fer a
//rtf-ever .YVHi/j/fl/na/Zr SM/jrafevj/or/a/ £ra/n /w/arcf, can be defined more
precisely as: patients of 65 years or older who had a cortical syndrome, a Rankin
score > 3, and a potential cardiac source of embolism, and who had been using
theophylline ór benzodiazepines shortly before stroke-onset, and in whom the
administration of benzodiazepines has been abruptly discontinued early after
stroke-onset. There were 19 of such high risk patients (2% of all patients at risk)
of whom seven experienced early-onset seizures (25% of all early-onset
seizures; two patients died early, five had non-recurrent seizures), who
consequently had a risk of early-onset seizures of 37% (95% CI: 0-18), whereas
the remaining 751 patients of whom 21 experienced early-onset seizures, had a
risk of early-onset seizures of 3% (95% CI: 2-4). The IRR for this high risk
group is 23.82 (95% CI: 10.13-56.04; p = 0.000).

Fifty-eight patients (8%) of the 716 fourteen-day survivors developed late-onset
seizures after a median delay of 261 (range 18-1848) days following strokeonset. Tables 6.4, 6.5. and 6.6 show the number of patients with and those
without late-onset seizures who were treated with certain medications during the
first 48 hours, the first week and the first two weeks after stroke-onset,
respectively. IRR's are used to indicate the differences between groups in the risk
of late-onset seizures. IRR's and their 95% CI's for medication-groups used
during the first /iw wpeJts following stroke-onset are graphically displayed in
figure 6.1. together with the medication-groups used prior to stroke-onset. The
tables show that drugs used during the first 48 hours after stroke-onset hardly
had any effect on the occurrence of late-onset seizures, however, several drugs
administered during the first week or the first two weeks post-stroke were
related to the occurrence of late-onset seizures, whereas the results of the first
week and the first two weeks were very similar. In chapter 4 we found that
patients at risk for developing late-onset seizures were those who had a cortical
syndrome and a Rankin score > 3. irrespective of age and stroke cause.
Therefore, the estimated effect of each class of medication on the occurrence of
late-onset seizures had to be adjusted (Cox regression analysis) for differences in
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Tab/e 6.4:

/.afe-onsef se/ztyres: /Wed/caf/ons adm/n/sfered dur/ng the ffrsf 48 hours
after sfrofce-onsef /n paf/enfs w/fh and fhose w/'fhouf /afe-onsef se/zures
fo//ow/ngr a f/rsf cerebra/ /nfarcf, and fhe re/af/Ve r/s<f f/r?W for
deve/op/ng these /afe-onsef se/zures ivhen drugs from a cerfa/n drugc/ass were used
Withi seiz
N=58

Without seiz
N=658

Drug-class

N

(%)

N

(%)

IRR

Benzodiazepines
- ear/y 6DZ nv/fhdrai/va/
Barbiturates
Neuroleptics
Antidepressants
Xanthines
Central anti hypertensives
Diuretics
R-adrenoceptor blockers
Calcium channel blockers
ACE inhibitors
Other vasodilators
Other antidysrhythmics^
- d/gox/n
- membrane sfab/7/sers
- am/odarone
Histamine antagonists
- H,-receptor anfagon/sfs
- /-/^-receptor anfagon/sfs
Antidiabetic agents^
- ;nsu//n
- ora/ anf/d/abefes drugs
Corticosteroids
Vitamin B complex
Antibacterial drugs^
- Sefa-/acfams

6
6
0
0
0
4
1
12
7
5
7
9
7
7
0
0
4
0
4
9
5
6
5
3
3
2
7
7
0
7
0
0
0
0

(10)

81
26
1
5
12
31
19
175
112
73
77
114
100
90
5
73
35
73
22
77
32
54
26
28
29
79
77
8
6
8
2
0
0
7

(12)

0.99
2.26

0.43 - 2.31
0.97 - 5.26

(2)"
(5)
(3)
(27)
(17)
(11)
(12)
(17)
(15)
r74;

1.60
0.47
0.81
0.65
0.85
1.21
1.11
0.97
7.08

0.58
0.06
0.43
0.30
0.34
0.55
0.55
0.44
0.49

(5)

1.37

0.50 - 3.79

2.38
1.50
2.25
7.23
2.77
1.43
1.91
2.4 7
7.95
3.08

0.86
0.74
0.90
0.53
1.11
0.45
0.60
0.59
0.27
0.43

7.72

0.24 - 72.4 7

- Pef7ic////ns
- Cepha/ospor/ns
- /4m/nog/ycos/des
- Su/phonam/des
- 7efracyc//>)es
- -4zo/es or Qu/no/ones
- Macro//des
- Others
=
=
=
=
=

ao;
(0)
(0)
(0)
(7)
(2)
(21)
(12)
(9)
(12)
(16)
(12)
(72)

(7)

(16)

(9)
(5)
(5)

r3;

95% Cl

p-value

(<D*

(12)

(4)
(4)
(4)

n;

-

4.43
3.36
1.54
1.44
2.13
2.67
2.27
2.13
2.38

- 6.58
- 3.05
- 5.62
- 2.86
- 6.93
- 4.56
- 6.10
- 9.89
- 74.08
-22.27

0.030

^7;*

ro;
^<7)*

eight patients had a combination of drugs from different subgroups
eleven patients had both insulin and oral antidiabetics
seven patients had a combination of antibacterial drugs from different subgroups
Two tailed Fisher Exact test p-value = 1.000
Two tailed Fisher Exact test p-value = 0.61
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Tab/e 6.5; Z.afe-onsef secures: /Wed/caf/ons adm/n/sfered dur/ng fhe f/rsf weefr
after sfro/ce-onsef /n paf/enfs i/v/fh and fhose w/fhouf /afe-onsef se/zures
fo//ow/ng a firsf cerebra/ /nfarcf, and fhe re/af/Ve r/s/c |7/W for
deve/op/ng fhese /afe-onsef se/zures when drugs from a cerfa/'n drugc/ass were used
Withi seiz

Without seiz

N=58

N=658

Drug-class

N

(%>

N

(%)

Benzodiazepines
- ear/y SDZ w/'fndrawa/
Barbiturates
Neuroleptics
Antidepressants
Xanthines
Central antihypertensives
Diuretics
K-adrenoceptor blockers
Calcium channel blockers
ACE inhibitors
Other vasodilators
Other antidysrhythmics'
- d/gox/n
- membrane sfab/7/sers
- am/odarone
Histamine antagonists
- H,-receptor anfagon/sfs
- H^-recepfor anfagon/sfs
Antidiabetic agents?
- insu//'n
- ora/ anf/d/abefes drugs
Corticosteroids
Vitamin B complex
Antibacterial drugs^
- Befa/acfams
- Pen/c/7//Yis
- Cep/ia/osponns
- ^m/noËf/ycos/des
- Su/prionam/des
- 7efracyc//nes
- /\zo/es or Qu/no/ones
- Macro7/des
- Ofhers

7
6
0
5
0
7
1
11
7
9
8
10
6
6
0
0
10
7
9
11
5
8
5
9
11
8
6
2
2
2
7
0
0
0

(12)

HO
26
2
28
10
37
18
180
107
80
84
117
109
99
5
74
45
72
33
85
33
62
29
49
77
57
24
27
74
30
3
0
7
7

(21)
(4;
<<1>*
(4)
(2)*
(6)
(3)
(27)
(16)
(12)
(13)
(18)
(17)
(75;
(<;;*
(2;**
(7)
(2;
(5;
(13)
(5;

=
=
=
=
=
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no;
(0)
(9)
(0)
(12)
(2)
(19)
(12)
(16)
(14)
(17)
(10)

no;
ro;
(17)
^;

n6;
(19)
(74;
(9)
(16)
(19)
(74;

no;
(3;
(3;
(3;
(2;

(o;

(o;
(o;

o;
(4)
(7)
(12)
(8;
(4;
(4;
(2;
(5;
(<7;

IRR

95% Cl

p-value

0.57
2.26

0.26 - 1.25
0.97 - 5.26

2.02

0.81 - 5.05

2.52
0.47
0.70
0.65
1.37
1.24
1.17
0.72
0.79

1.14
0.07
0.36
0.29
0.67
0.59
0.59
0.31
0.34

5.55
3.43
1.35
1.43
2.78
2.62
2.32
1.67
7.85

0.022

2.81
0.97
3.40
1.65
2.70
7.44
2.56
3.67
2.71
3.55
4.93
7.72
3.36
0.97
5.36

1.42 - 5.56
0.73 - 7.00
7.67 - 6.93
0.86 - 3.18
0.84 - 5.25
0.68 - 3.03
1.02 - 6.41
1.80 - 7.47
1.40 - 5.22
7.68 - 7.48
2.72 - 7 7.48
0.42 - 7.05
0.82 - 73.78
0.22 - 3.74
0.74 -38.77

0.003

-

0.007

0.044
0.000
0.003
0.007
0.000

(o;
(<?;*
(<?;*

nine patients had a combination of drugs from different subgroups
twelve patients had both insulin and oral antidiabetics
twenty-four patients had a combination of antibacterial drugs from different subgroups
Two tailed Fisher Exact test p-value = 1.000
Two tailed Fisher Exact test p-value = 0.62

7a£>/e6.é>: /.afe-onsef se/zures: /Wed/caf/ons adm/n/sfered dur/ng fhe f/rsf two
ivee/cs after sfro/ce-onsef /n paf/enfs w/fh and fhose w/fhouf /afe-onsef
se/zures fo//ow/ng a f/rsf cereora/ /nfarcf, and fhe re/af/Ve r/s/t C/fl/?; for
deve/op/ng fhese /afe-onsef se/zures when drugs from a cerfa/n drugc/ass were used
Wittl seiz
N=58

Without seiz
N=l 558

Drug-class

N

(%)

N

(%)

IRR

Benzodiazepines
- ear// SDZ w/fr/drawa/
Barbiturates
Neuroleptics
Antidepressants
Xanthines
Central antihypertensives
Diuretics
B-adrenoceptor blockers
Calcium channel blockers
ACE inhibitors
Other vasodilators
Other antidysrhythmics'
- d/gox/n
- membrane sfab/7/sers
- am/odarone
Histamine antagonists
- H,-receptor anfagon/sfs
- H^-recepfor anfagon/sfs
Antidiabetic agents^
- /nsu//n
- ora/ anf/d/abefes drugs
Corticosteroids
Vitamin B complex
Antibacterial drugs^
- Befa/acfams
- Pen/c/7//ns
- Cepna/ospor/ns
- /4m/nog/)/cos/des
- Su/phonam/des
- fetrac/c/Znes
- /Azo/es or Qu/no/ones
- Macro//des
- Ofners

14
6
0
6
1
7
1
11
7
9
9
11
7
7
0
0
11
2
3
11
6
8
5
11
16
9
7
2
2
6
7
0
0
0

(24)

166
26
3
37
10
39
18
185
110
86
90
119
111
707
5
75
54
73
47
89
35
68
29
54
105
65
34
37
77
48
3
0
7
7

(25)

1.00
2.26

0.55 - 1.83
0.97 - 5.26

(6)
(2)
(6)
(3)
(28)
(17)
(13)
(14)
(18)
(17)
(75;
(<?;*

1.99
1.66
2.52
0.47
0.69
0.63
1.31
1.31
1.29
0.82
0.97

0.86 - 4.64
0.23 -11.98
1.14 - 5.54
0.07 - 3.43
0.36 - 1.32
0.29 - 1.39
0.64 - 2.66
0.64 - 2.66
0.67 - 2.48
0.37 - 1.81
0.4 7 - 2.00

(8)
(2;
^6;
(14)

2.77
7.68
3.04
1.57
2.48
7.33
2.56
4.37
3.00
3.75
4.06
7.57
2.54
7.87
5.36

1.44 - 5.34
0.4 7 - 6.88
7.49 - 6.78
0.81 - 3.02
7.06 • 5.77
0.63 - 2.80
1.02 - 6.41
2.27 - 8.43
1.69 - 5.34
7.55 - 6.4 7
7.84 - 8.94
0.37 - 6.20
0.62 - 70.40
0.78 - 4.22
0.74 -38.77

no;
(0)
(10)
(2)
(12)
(2)
(19)
(12)
(16)
(16)
(19)
(12)

w;
w;
(19)
(3;

O6;
(19)

no;
(74;
(9)
(19)
(28)
f 76;
02;

tf;
Ü;

no;
(2;

(o;
ro;

no;
(4)
(8)
(16)

no;
(5;
(5;
(3;
(7;
f<7;

95% Cl

p-value

0.022

0.002
0.002
0.035
0.044
0.000
0.000
0.002
0.007

r<7;*
^<7;*

= ten patients had a combination of drugs from different subgroups
= seventeen patients had both insulin and oral antidiabetics
= twenty-nine patients had a combination of antibacterial drugs from different subgroups
= Two tailed Fisher Exact test p-value = 1.000
= Two tailed Fisher Exact test p-value = 0.62
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F/gure 6.7: /Wed/caf/on use as a r/s/r factor for fne occurrence of posf-sfro/re se/zures
Black line: early-onset seizures
Curled line: late-onset seizures

Benzodiazepines
BDZ withdrawal
Ncurolcptics
Antidcprcssants
Xanthincs
Central antihypcrtensives
Diuretics
C-adrenoccptor blockcrs
Calcium channel blockcrs
ACE inhibitors
Other vasodilators
Other antidysrhythmics
Digoxin
Membrane stabilisers
Histamine antagonists
H1 -receptor antagonists
H2-rcccptor antagonists
Antidiabctic agents
Insulin
Oral antidiabetes drugs
Corticosteroids
Vitamin B complex
Antibacterial drugs
Beta-lac tams
Penicillins
Ccphalosporins
Aminoglycosides
Sulphonamidcs
Tctracvclines
0.01

I
0.1

10

I
100

1000

Diagram of IRR's with 95% CI's on a logarithmic scale; IRR>1 means an increased risk of
seizures when this type of medication has been used (compared with medication not used);
95% Cl not including the value 1 means that the difference in risk is statistically significant
with p < 0.05
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/c(/re r/iit am/pen-rfra/te met/iraf/on

the distribution of these already discovered risk factors. Five patients without
late-onset seizures (two males, three females, aged 76-88 years, four with a
cortical syndrome and all five with a Rankin score > 3) were excluded from the
Cox regression analysis as they were censored before the earliest event occurred,
because they died (three on day 15. one on day 16 and one on day 17 poststroke) before the first late seizure among the patients with late seizures (day 18).
As these five patients together were at risk for developing late-onset seizures for
just eight days, excluding these five patients unlikely affected the final results.
Consequently Cox regression analysis was performed on 711 patients.

48
Cox regression analysis was performed with the variables age, sex, Rankin
score, clinical syndrome, cardiac source of embolism, and drug-class in the
model. Every single drug-class was included in the model one by one. The
presence of a cortical syndrome and a Rankin score > 3 remained significantly
associated with the occurrence of late-onset seizures in all analyses, with HR's
closely varying around 4.8 and 4.6, respectively, in the various models. Results
of the Cox regression analyses are shown in table 6.7. Two drug-classes were
significantly associated with the occurrence of late seizures: histamine
H2-receptor antagonists (HR = 2.96) and corticosteroids (HR = 3.18). However,
when these two drug-classes were analysed together in one model, m;/;? of them
remained significantly associated with the occurrence of late-onset seizures
(table 6.7). Overall, drugs administered during the first 48 hours after strokeonset hardly affected the risk of late-onset seizures.

Cox regression analysis was performed with the same model as described above.
Every single drug-class was included in the model one by one. The presence of a
cortical syndrome and a Rankin score > 3 remained significantly associated with
the occurrence of late-onset seizures in all analyses, with HR's closely varying
around 4.8 and 4.6. respectively, in the various models. Results of the Cox
regression analyses are shown in table 6.8. ƒ•>>«/• drug-classes were significantly
associated with the occurrence of late-onset seizures: histamine H,-receptor
antagonists (HR = 3.40): corticosteroids (HR = 2.85): vitamin B (HR = 2.19);
and penicillins (HR = 3.19). When these four drug-classes were analysed
together in one model, only histamine H^-receptor antagonists and penicillins
used during the first week following stroke onset remained significantly
associated with the occurrence of late-onset seizures (table 6.8).
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Tab/e 6.7:

Cox regress/on ana/ys/s, r/s/r or /afe-onsef se/zures
fl/s/c facfors from chapter 4, bas/c mode/ for /afe-onsef se/zures
HR

95% Cl

Age young vs middle

1.35

0.66- 2.75

Age old vs middle

1.59

0.85- 2.97

Male sex

1.11

0.65- 1.90

Rankin >3

4.61

1.40-15.19

0.012

Cortical syndrome

4.81

2.15-10.75

0.000

Cardioembolic cause

0.86

0.47- 1.57

p-value

Drugs used dur/ng fhe f/rsf 48 hours after sfro/re-onsef
and fhe r/s/r of /afe-onsef se/zures
l/ar/ous mode/s as descr/bed /n fh/s chapfer: Drugs used dur/ng fhe f/rsf 48 hours
after sfro/ce-onsef and fhe a/ready d/scovered r/s/c facfors from chapfer 4
p-vaiue

95%, 0,

Age young vs middle

1.31

0.64- 2.67

1.45

0.70- 2.99

1.43

0.69- 2.95

Age old vs middle

1.61

0.86- 3.00

1.74

0.92- 3.28

1.76

0.93- 3.33

Male sex

1.13

0.66- 1.94

1.04

0.61 • 1.79

1.07

0.62- 1.84

Rankin > 3

4.59

1.39-15.13

0.012

4.52

1.37-14.88

0.013

4.47

1.35-14.74

0.014

Cortical syndrome

4.99

2.23-11.18

0.000

4.93

2.21 -11.02

0.000

5.02

2.24-11.24

0.000

0.83

0.45- 1.51

0.81

0.44- 1.48

2.32

0.80- 6.79

3.18

1.23- 8.24

2.68

0.99- 7.26

Cardioembolic cause

0.82

0.45- 1.51

fy-receptor antagonists

2.96

1.06- 8.27

Corticosteroids
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p-va'iue

rifl

HP.

0.038
0.017

SO'-TJ C'l

7ab/e 6.S: Cox regress/on ana/ys/s, r/sfc of /afe-onsef se/zures
Drugs used dur/ng f/je f/'rsf wee/r after sfro/ce-onsef:
Var/ous mode/s as descn'bed ;n fri/s criapfer
HR

95% Cl

p-value

HR

95% Cl

p-value

HR

95% Cl

p-value

Age young vs middle

1.35

0.66- 2.76

1.38

0.67- 2.82

1.31

0.64- 2.67

Age old vs middle

1.59

0.85- 2.98

1.57

0.84- 2.92

1.77

0.94- 3.33

Male sex

1.14

0.67- 1.96

1.07

0.63- 1.84

1.21

0.71 - 2.07

Rankin >3

4.55

1.38-15.00

0.013

4.45

1.35-14.68

0.014

4.30

1.30-14.22

0.017

Cortical syndrome

4.68

2.09-12.50

0.000

4.77

2.13-10.68

0.000

4.82

2.15-10.80

0.000

Cardioembolic cause

0.84

0.46- 1.54

0.86

0.47- 1.58

0.80

0.44- 1.47

Early BDZ withdrawal

1.55

0.66- 3.66
2.03

0.91 • 4.52
3.40

1.63- 7.09

0.001

HR

95% Cl

p-value

Theophylline
H2-receptor antagonists
Insulin
Corticosteroids
Vitamin B
Penicillins

HR

95% Cl

0.64- 2.68

1.42

0.69- 2.92

1.45

0.71 - 2.99

0.84- 2.92

1.73

0.92- 3.26

1.64

0.88- 3.05

1.16

0.68- 1.98

1.05

0.61 - 1.80

1.05

0.62- 1.81

Rankin > 3

4.54

1.38-14.94

0.013

4.43

1.34-14.62

0.015

4.32

1.31 -14.29

0.016

Cortical syndrome

4.90

2.19-10.97

0.000

4.93

2.20-11.02

0.000

4.56

2.03-10.23

0.000

Cardioembolic cause

0.90

0.49- 1.64

0.83

0.45- 1.52

0.83

0.46- 1.52

2.20

0.86- 5.59
2.85

1.10- 7.39

2.19

1.05- 4.54

HR

95% Cl

Age young vs middle

1.31

Age old vs middle

1.57

Male sex

p-value

p-value

H2-receptor antagonists
Insulin
Corticosteroids

0.032

Vitamin B

0.036

Penicillins

HR

95% Cl

Age young vs middle

1.37

Age old vs middle

1.57

Male sex

p-value

HR

95% Cl

0.67- 2.81

1.52

0.73- 3.18

0.84- 2.94

1.90

0.99- 3.63

1.11

0.65- 1.90

1.06

0.62- 1.84

Rankin >3

4.36

1.32-14.40

0.016

3.77

1.13-12.57

0.031

Cortical syndrome

4.60

2.05-10.31

0.000

4.44

1.97 -10.01

0.000

Cardioembolic cause

0.81

0.44- 1.49

0.73

0.39- 1.34

H2-receptor antagonists

2.88

1.35- 6.13

Corticosteroids

2.42

0.91 - 6.46

1.85

0.87- 3.91

3.25

1.35- 7.80

Vitamin B
Penicillins

3.19

1.35- 7.56

0.008

p-value

0.006

0.009
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7ab/e 6.9: Cox regress/on ana/ys/s, r/'s/r of /afe-onsef se/zures
Drugs used dur/ng frie f/rsf fwo wee/es after sfro/re-onsef:
l/ar/ous mode/s as descr/bed /n fh/s cnapfer
HR

95% Cl

Age young vs middle

1.32

0.65- 2.70

Age old vs middle

1.76

Male sex

p-value

HR

95% Cl

0.94- 3.29

1.30
1.54

1.20

0.70- 2.06

Rankin>3

4.29

1.30-14.19

Cortical syndrome

5.01

2.24-11.22

Cardioembolic cause

0.81

0.44- 1.48

H2-receptor antagonists

3.09

1.49- 6.43

p-value

HR

95% Cl

p-value

0.64- 2.67

1.42

0.69- 2.92

0.82- 2.87

1.73

0.92- 3.26

1.15

0.68- 1.97

1.05

0.61 - 1.80

0.017

4.52

1.37-14.88

0.013

4.43

1.34-14.62

0.015

0.000

4.89

2.18-10.94

0.000

4.93

2.20-11.02

0.000

0.91

0.50- 1.68

0.83

0.45- 1.52

2.42

1.02- 5.72

2.85

1.10- 7.39

0.032

HR

95% Cl

p-value

1.46
1.74

0.70- 3.05
0.91 - 3.33

1.09

0.63- 1.89

0.003

Insulin

0.045

Corticosteroids
Vitamin B
Penicillins

HR

95% Cl

HR

95% Cl

1.49
1.61

0.72 - 3.07
0.87- 3.01

1.38
1.51

0.68 2.83
0.81 - 2.84

Male sex

1.03

0.60- 1.76

Rankin>3

4.23

1.28-14.00

0.018

1.11

0.65- 1.90

4.42

1.34-14.60

0.015

3.60

Cortical syndrome

4.46

1.98-10.01

0.000

1.08-12.04

0.037

4.62

2.06-10.35

0.000

4.56

2.02-10.29

Cardioembolic cause

0.83

0.46- 1.52

0.000

0.86

0.47- 1.57

0.84

0.46- 1.55

H2-receptor antagonists

2.93

1.37- 6.25

0.005

Insulin

2.86

1.17- 6.94

0.021

Corticosteroids

2.14

0.80- 5.69

Age young vs middle
Age old vs middle

Vitamin B

2.58

1.31 - 5.09

p-value

p-value

0.006

Penicillins

2.34

1.05- 5.25

0.039

2.08

1.01 - 4.28

2.19

0.92- 5.21

Drugs used dur/ng f/ie f/rsf fwo wee/cs ad/usfed for d/abefes me///fus
HR

95% Cl

Age young vs middle

1.46

0.70- 3.04

Age old vs middle

1.73

0.90- 3.32

Male sex

1.09

0.62- 1.89

Rankin>3

3.62

1.08-12.08

0.037

Cortical syndrome

4.56

2.02-10.28

0.000

Cardioembolic cause

0.84

0.46- 1.55

H2-receptor antagonists

2.94

1.38- 6.27

0.005

Insulin

3.02

1.00- 9.13

0.050

Corticosteroids

2.15

0.80- 5.73

Vitamin B

2.09

1.01 - 4.34

Penicillins

2.17

0.91 - 5.20

Diabetes mellitus

0.93

0.43- 2.04
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p-value

0.047

0.047

/CM/V n'.v* anrf pe-n-j

Using the same Cox regression model, and including every single drug-class one
by one. the presence of a cortical syndrome and a Rankin score > 3 remained
significantly associated with the occurrence of late-onset seizures in all analyses,
with HR's varying around 4.8 and 4.6, respectively, in the different models.
Results of the Cox regression analyses are shown in table 6.9. F a r drug-classes
were significantly associated with the occurrence of late-onset seizures:
histamine H^-receptor antagonists (HR = 3.09): insulin (HR = 2.42);
corticosteroids (HR = 2.85); vitamin B (HR = 2.58); and penicillins (HR = 2.34).
When these five drug-classes were analysed together in one model, histamine
H^-receptor antagonists, insulin and vitamin B used during the first two weeks
following stroke onset remained significantly associated with the occurrence of
late-onset seizures (table 6.9). Insulin even remained significantly associated
when diabetes mellitus was added to the model (table 6.9). Diabetes was not a
risk factor and had no influence on the other variables in the model (table 6.9).

By combining the results from the above described separate analyses, r/?
m / t # W H / 7 ƒ<•>/• É/ÉTÉ7«/7//7g /«/e'-OH.vef .w/;:///-p.s were patients with a cortical

syndrome and a Rankin score > 3, who subsequently, during the first two weeks
following their stroke, used at least one of the following four drugs: histamine
Hi-receptor antagonists, insulin, vitamin B, or penicillins. According to this
definition there were 119 high risk patients (17% of all patients at risk) of whom
23 patients experienced late-onset seizures (40% of all late-onset seizures; four
patients died, ten had non-recurrent seizures, nine had recurrent seizures).
Consequently, those high risk patients had a risk of late-onset seizures of 19%
(95% CI: 12-26), whereas the remaining 597 patients of whom 35 experienced
late-onset seizures, had a risk of late-onset seizures of 6% (95% CI: 4-8). The
IRR for this high risk group is 6.01 (95% CI: 3.55-10.16; p = 0.000).

Discussion
Our findings show that certain drugs, administered just before or shortly after
stroke-onset, strongly influence the risk of post-stroke seizures. There were
obvious differences between early-onset and late-onset seizures, which suggest a
toxic effect of drugs in early seizures, and an interference with epileptogenesis in
late-onset seizures facilitating the occurrence of those late seizures.
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Univariate analysis showed several drugs possibly related to the development of
early-onset seizures. Cox regression analysis showed that, adjusted for
interactions between the different possible risk factors, only the use of
//u'o/?/?v////;c and /^Hcod/flcep/HÉW shortly before stroke-onset remained
significantly associated with early-onset seizures. Digoxin was not associated
any more when accounted for interactions; it was frequently used in patients
with a possible cardiac source of embolism. Vitamin B. tetracyclines and
vasodilators were more frequently used in older patients and therefore interacted
with the risk factor high age. Two of the three patients who used histamine
Hi-receptor antagonists also used theophylline.
It was not surprising to find that theophylline increased the risk of early-onset
seizures, as this drug is known to be able to cause seizures especially in elderly
patients, in patients receiving long term theophylline therapy, and in patients
with neurological disease. 10.i8.40.9s.138.139.ifty The fact that all six patients, who
were treated with theophylline and subsequently developed early-onset seizures,
experienced their first seizure at stroke-onset argues in favour of a direct toxic
effect on the brain, probably by a local increased brain level of theophylline as a
result of the BBB damage. As most COPD patients who are treated with
theophylline really are in need for this drug, and as there is no proper alternative
drug available,'-'s it will be very difficult, if not impossible, to prevent this kind
of seizures.
The finding that the use of benzodiazepines shortly before stroke-onset
significantly increased the risk of early-onset seizures was rather contradictory,
as it is very unlikely that benzodiazepines cause seizures, for diazepam is nota
bene administered as an anticonvulsant in status epilepticus. Therefore, the
patients who had been using benzodiazepines at home before stroke-onset
(probably chronic benzodiazepine users), were further analysed. Then it
appeared that it was «or //)f tw/v ase of benzodiazepines that increased the risk
of early-onset seizures, /?»f the .v/f^W?/? »r/7//JrauYj/ early after stroke-onset in
patients accustomed to use these drugs at home, that was strongly associated
with the occurrence of early-onset seizures, with a consequent increased risk of
more than eight times. Seizures related to benzodiazepine withdrawal following
prolonged administration, even when low doses benzodiazepines were used,
have been described before.''^"" Such seizures are most common after
withdrawal of short-acting hypnotic drugs, and usually occur within 48 hours, as
was the case in six of our eight patients who developed early-onset seizures
following benzodiazepine withdrawal. Chronic benzodiazepine use may produce
decreased sensitivity of the receptors to GAB A.'*' The sudden decrease in
benzodiazepine level probably deteriorates the binding of the neurotransmitter
GABA at the benzodiazepinereceptor. resulting in an extra decreased neuronal
inhibition and leading to seizures, especially in the acute phase after a stroke
when not only GABA, but also massive amounts of excitatory amino acids, such
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as glutamate, are spilled from damaged cells into the interstitium.™-i2o.i«o
As receptor affinity for the inhibitory neurotransmitter GABA may be decreased
also by these high concentrations of GABA,*-"» a relative GABA-ergic
deficiency may result in the cerebral cortex, thalamus. and striatumj*"'disturbing
the delicate balance between excitation and inhibition in favour of excitation.
Therefore, we recommend to continue the use of benzodiazepines in patients
with a brain infarct, especially in those patients with one or more other risk
factors for post-stroke seizures.
Our results indicate that almost one third of early-onset post brain infarct
seizures could have been prevented by continuation of benzodiazepine use after
acute brain infarction!

Medication administered during the first 48 hours after stroke-onset hardly
affected the occurrence of late-onset seizures. However, several drugs
administered during the first week or the first two weeks post-stroke were, in
similar degree, significantly associated with the occurrence of late-onset
seizures, increasing the risk of seizures substantially. These results suggest that
the formation of an epileptic focus after a brain infarct probably takes place later
than 48 hours after stroke-onset. Furthermore, that if prophylactic anti-epileptic
drug treatment for high risk patients is considered, this should be initiated within
48 hours. However, the strategy of lowering the risk of late-onset post-stroke
seizures by interfering with the development of an epileptic focus has not been
tested so far. but may constitute a possible therapeutical option. As early
benzodiazepine withdrawal after stroke-onset increased (but just under the level
of statistical significance, table 6.4) the risk of late-onset seizures, early BDZ
administration following stroke may possibly decrease the risk of epileptic focus
development.
Univariate analysis showed several drugs related to late-onset seizures, that were
not associated any more after Cox regression analysis. As corticosteroids were
often administered in combination with histamine H^-receptor antagonists there
was an interaction between these variables, explaining why the use of
corticosteroids was not significant in the Cox regression analysis. Theophylline
was not statistically significant any more, probably due to an interaction with
age. However, once theophylline treatment is initiated it will probably be used
for the rest of the patients' life, and when time goes by theophylline treatment is
started in more and more stroke patients with COPD. Therefore, at the time of
the first late seizure more patients were using theophylline than in the first weeks
post-stroke, suggesting that theophylline increases the risk of late-onset seizures
not by interfering with epileptogenesis. but by a toxic effect leading to seizures
in combination with other predisposing factors in stroke patients.
Four drug classes were significantly associated with the occurrence of late-onset
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seizures after Cox regression analysis: histamine H^-receptor antagonists,
insulin, vitamin B and penicillins. Beta-lactam antibiotics, especially /W;/C/7//H.V,
are known to be able to cause seizures by antagonizing neuronal inhibition by
y-aminobutyric acid (GABA), both via the GABA receptor and the
benzodiazepine receptor.? Penicillin is a competitive GABA^ receptor
antagonist, that causes "open channel blockade" of the GABA receptor by
interacting with positively charged proteins within the channel, and then
physically blocking chloride ion flow through the channel.""" Probably this
mechanism does not necessarily cause acute seizures, but may merely cause
more structural damage to some neurons (probably those already affected by the
results of the brain infarct) leading to the formation of an epileptic focus. As
patients with COPD are especially sensitive to pulmonary infections, they have a
high risk to be treated with penicillins after stroke. In addition, as COPD is a
chronic disease with an increased risk of worsening, stroke patients with COPD
are likely to be treated with theophylline at some time. Theophylline treatment
then may further increase the risk of seizures in penicillin enhanced epileptic
potential. Therefore, restricting the use of penicillins in stroke patients during
the first weeks after stroke-onset may prevent seizures. Preferably, antibiotics
from another class should be prescribed.
V/7«/H/H # and multivitamins containing vitamin B are most likely not
epileptogenic by themselves, but the underlying reason to prescribe vitamin B
may explain their association with the occurrence of late-onset seizures. Vitamin B
is not routinely prescribed, but only in those patients with a supposed vitamin
deficiency, and usually for only a few weeks. Stroke patients with a likely
vitamin deficiency, and consequently a vitamin B prescription, may be vitamin B
deficient again some time after discharge if vitamin supplements are not taken
regularly. Thus the fact that vitamins B were prescribed in the patients of our
series likely indicates their risk of a chronic deficiency of these vitamins.
Especially /nr/do.xw (vitamin B^) <te/ïc/e/icy may increase the risk of seizures
in vulnerable people such as stroke patients."'' Pyridoxine deficiency may lead
to a decreased level of pyridoxal phosphate, the active form of pyridoxine which
is an important factor in the production of G A B A . ^ ^ ' - ' Reduced GABA brain
levels may in turn lead to decreased neuronal inhibition with consequent
seizures. Testing for vitamin B,, deficiency and adequate treatment may therefore
prevent late-onset seizures in patients who sustained a brain infarct.
The explanation for the finding that i/Hu/in treatment is associated with the
occurrence of late-onset seizures may be that insulin therapy considerably
increases the risk of /;v/wc>/va/?m/« and consequently of seizures. Diabetic
patients who undergo hypoglycaemic episodes are known to have an increased
risk of seizures, probably because decreased blood glucose levels may activate
ATP-regulated potassium channels in the substantia nigra (they open when ATP
levels decrease), leading to hyperpolarization and a consequent decrease in
GABA release.'** Furthermore, hypoglycaemia causes an increase of the
extracellular concentrations of EAA.™ disturbing the delicate balance between
112

rat o/id /wr/-.vf wite »I«/ICM/IVWI

excitatory and inhibitory neural mechanisms in favour of excitation. One
example in our series is a 57 year old male, known with diabetes mellitus treated
with insulin, who was admitted to our hospital with a CT proven lacunar infarct.
During his two weeks hospitalization insulin dose was significantly increased
because of post-stroke hyperglycaemia. Seventeen days after discharge the
patient experienced an epileptic seizure. He had a severe hypoglycaemia of
1.5 mmol/1. Insulin dose was adjusted and the patient remained seizure free
without AED treatment for the rest of his follow-up (almost one year). Careful
monitoring of blood glucose levels in patients treated with insulin, in order to
prevent severe hypoglycaemia, may prevent late-onset seizures in patients who
sustained a brain infarct.
The finding that /HAVÖ/H/HÉ' //,-/¥cf/j/orfl/7ta£o/7/.v/.9significantly increase the
risk of late-onset seizures is interesting. Histamine acts as a neurotransmitter in
certain brain areas and is locally synthesized." '^ Besides the already known
H, and Hi histamine receptors, in the brain a new subclass of histamine receptors
(Hj) has been identified, that can be antagonised by certain histamine H,- as well
as certain histamine ^-receptor antagonists.3i.i64.i65 One of the responses in the
brain to histamine is an inhibition of neuronal firing with both fast onset and fast
recovery, especially in the hippocampus and the cerebral cortex, mediated by
^-receptors."'-' On the other hand, increased neuronal firing and even
epileptiform bursts induced by histamine, may sometimes occur, mediated by
H,-receptors and H^-receptors."•">•* Generally, however, the regular effect of
histamine on the brain is depressant on spontaneously firing cortical cells.""* As
histamine H^-receptor antagonists antagonise this normal action of histamine,
they increase neuronal firing, and may be epileptogenic. This knowledge is
based on experiments in rats and does not necessarily apply to humans, although
it has been reported in man that small doses of antihistamines can lead to
epileptic seizures in patients with focal epilepsy.'-- Interestingly, our results
confirm that the above described findings in rats also apply to humans, and that
peripherally acting histamine ^-receptor antagonists also act on histamine
receptors in the brain, as they increase the risk of post-stroke seizures.
As histamine H^-receptor antagonists usually are prescribed for only a few
weeks, most patients were not using those drugs any more when they
experienced their first epileptic seizure. Therefore, histamine H^-receptor
antagonists do not have a direct toxic epileptogenic effect, but more likely they
interfere with epileptogenesis in the first weeks after stroke-onset. Our patients
used several ^-receptor antagonists, however only the use of ranitidine (Zantac)
was associated with the occurrence of seizures, suggesting that this drug
antagonises the H.-receptors in the brain, whereas other peripherally acting
histamine H.-receptor antagonists may not antagonise these centrally
H-,-receptors. Therefore we recommend not to prescribe histamine H-,-receptor
antagonists in patients with a brain infarct, but to choose a gastric acid secretion
inhibitor with a different mode of action.
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CTiapter 6

Chapter conclusions and recommendations
The results of this chapter again justify the distinction between early- and
late-onset seizures, and confirm that early- and late-onset seizures represent
two different types of epilepsy with different pathogenesis and specific risk
factors. Results suggest a toxic effect of certain drugs in early seizures, and
an interference with epileptogenesis in late-onset seizures facilitating the
occurrence of those late seizures

The risk of developing early seizures is almost 24 times higher in patients of
65 years or older who have a cortical syndrome, a Rankin score > 3. and a
potential cardiac source of embolism, and who have been using theophylline
before stroke or in whom the use of benzodiazepines has been abruptly
discontinued early after stroke-onset.
In comparison with the high risk group from chapter 4 (twenty per cent of all
patients belonged to the high risk group with an eight times increased risk),
theophylline use and benzodiazepine withdrawal added a substantial extra
va'iue \o Vne prediction of t'ne risk of early-onset seizures: the risk group was
reduced to only 2% of all patients, whereas 25% of the early seizures could
be predicted

The risk of late-onset seizures is six times higher in patients with a cortical
syndrome and a Rankin score > 3, who subsequently, during the first two
weeks following their stroke, used at least one of the following four drugs:
histamine Hi-receptor antagonists, penicillins, insulin, or vitamin B.
Histamine H^-receptor antagonists and penicillins may be epileptogenic and
interfere with epileptogenesis, whereas the use of insulin was related to the
increased risk of hypoglycaemias, and vitamin B use to vitamin deficiency,
especially of pyridoxine (vitamin B,,).
In comparison with the high risk group from chapter 4 (fifty-three per cent of
all patients belonged to the high risk group with a more than eight times
increased risk), the use of one of these four drugs was very helpful in
reducing the high risk group from more than half of all patients, to only 17%
of all patients, whereas 40% of the late-onset seizures could be predicted. In
addition, these results also gave more insight in the possible pathogenesis and
"prophylactic treatment" of late-onset seizures
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Although the number of patients that used drugs from a certain drug-class were
relatively small, and our results should therefore be interpreted with caution, the
associations we found were so strong that the following recommendations can be
given:

continue the use of benzodiazepines in patients with a brain infarct who had
been using these drugs at home, not only to reduce the risk of early seizures,
but possibly also to decrease the risk of epileptic focus development and late
seizures

• be reluctant with the administration of theophyiline in general but especially
in stroke patients, and use the lowest possible doses when no alternative
drugs for theophyiline are possible

• restrict the use of penicillins in stroke patients during the first weeks after
stroke-onset and prefer an antibiotic from a different class of antibiotics

• be alert for vitamin B,, deficiency in elderly stroke patients; regular Bf,
measurements may be indicated and deficiency should be adequately treated

•

be alert for hypoglycaemia in diabetics who are treated with insulin

• do not prescribe ranitidine in patients with a brain infarct; a different
histamine FK-receptor antagonist is preferred, or even better, use a gastric
acid secretion inhibitor with a different mode of action

When these actions had been taken in our patients eight of the 28 early-onset
seizures might have been prevented (29%). and 23 of the 58 late-onset seizures
(40%).
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CHAPTER 7
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As stated in the general introduction, post-stroke epilepsy is an important health
care problem, concerning approximately twelve per cent of all epilepsy patients,
with many questions still unanswered. Therefore this prospective study in adult
patients with a first-ever supratentorial brain infarct was performed.
Epileptic seizures occurred in eleven per cent of our patients and one of the most
important findings was the clear distinction between early-onset and late-onset
seizures, justifying separate analyses. We found that early-onset and late-onset
seizures represent two different types of epilepsy, with different pathogenesis,
different prognosis, and specific risk factors. Early seizures may be merely
secondary to a variety of non-cerebral disarrangements in the early phase
following stroke, older patients being more sensitive for such disarrangements
than younger patients. The presence of a cardiac source of embolism increases
this risk, as cardiac emboli may disintegrate, and reperfusion damage may cause
seizures. Such mechanism probably occurs only shortly after stroke onset, and
therefore does not play a role in the development of late-onset seizures, which
may be regarded as "real" post-stroke epilepsy caused by epileptic disturbances
in cerebral "scar" tissue remaining from large territorial infarcts, leading to
recurrent seizures that are often difficult to treat. Late seizures may be due to
membrane instability of the injured brain cells, disturbances in the GABA-ergic
inhibitory system, or in the action of receptors involved in excitatory brain
activity, all disturbing the delicate balance between excitatory and inhibitory
neural mechanisms in favour of excitation in such "scarred" brain foci.

Early-onset seizures occurred in 4 per cent of our patients after a very short
delay: they occurred mainly in the first 48 hours after stroke. Early-onset
seizures only occurred in patients of 65 years and older, and had a good
prognosis: they were non-recurrent and easy to treat with current AED's in 80
percent of the patients with early seizures who survived the first two weeks after
their first seizure.
In chapter 4 the high risk group with an eight times increased risk for developing
early-onset seizures appeared to be the patients of 65 years or older, who had a
cortical syndrome, a Rankin score > 3. and a potential cardiac source of
embolism. Nineteen per cent of all patients at risk belonged to this high risk
group that predicted 61 per cent of all patients with early-onset seizures. In
chapter 5 only patients with a CT-confirmed territorial infarct involving the
cerebral cortex were studied, using CT-scan features to define the high risk
group: patients of 65 years or older with a cardioembolic brain infarct involving
the middle temporal or post-central gyrus (21# of the patients at risk),
predicting 64 per cent of all patients with early-onset seizures. They had an eight
times increased risk. Finally, in chapter 6 the high risk group with an almost 24
times increased risk appeared to be patients of 65 years or older who had a
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cortical syndrome, a Rankin score > 3. and a potential cardiac source of
embolism, and who had been using theophylline shortly before stroke-onset, or
in whom the use of benzodiazepines has been abruptly discontinued early after
stroke-onset. Only two per cent of the patients at risk belonged to this high risk
group, predicting 25 per cent of all early-onset seizures.
Early-onset seizures can be predicted rather reliable, sixty per cent of all earlyseizures occur in the high risk group, and /wop/jv/acr/c r/vu/njevi/" vt/r/i A£D's
shortly after stroke-onset could be considered in such high risk patients.
However, it is highly questionable whether this treatment can be started soon
enough after stroke onset to prevent the occurrence of the very early seizures,
which occur within 48 hours after stroke-onset and comprise more than half of
all the early-onset seizures. Besides, the prognosis of early-onset seizures was
good, they were non-recurrent in 80 per cent of the patients who survived the
first two weeks following their first seizure, and tended to resolve spontaneously
(confirming our presumed pathogenesis) or, when treatment was indicated,
responded well to AED's. Therefore, a second or even a third seizure may be
awaited before AED treatment is started. This prognosis corresponds with the
general observation that 70 to 80 per cent of epilepsy patients becomes seizurefree.'•'-'••'•" Therefore, it is questionable whether prophylactic treatment with
AED's is indicated in these patients. In our opinion it is not. Yet, there is another
"prophylactic" treatment possible: continuation of the use of benzodiazepines in
patients with a brain infarct using these drugs, especially in those patients with
one or more other risk factors for early-onset seizures. Almost «/?? /////?/ of the
early-onset seizures may possibly /;f/wmi/tY/ by this measure alone!

Late-onset seizures occurred in 8 per cent of the patients who survived the first
two weeks after stroke-onset. They occurred at all ages. They were recurrent in
48 per cent of the patients who survived the first two weeks following their first
seizure, and were difficult to treat with the current AED's.
The high risk group with a more than eight times increased risk for developing
late-onset seizures appeared to be patients with a cortical syndrome and a
Rankin score > 3 (chapter 4). Fifty-three per cent of all patients at risk belonged
to this high risk group that predicted 86 per cent of all patients with late-onset
seizures, and 92 per cent of the recurrent seizures. When CT-scan features were
used to define the high risk group, it appeared that patients with a large infarct
involving the supramarginal or superior temporal gyrus, irrespective of stroke
cause and patient's age (24% of the patients at risk), had a five times increased
risk. This risk group predicted 49 per cent of all patients with late-onset seizures,
including half of the recurrent seizures. Finally, the high risk group with a six
times increased risk were patients with a cortical syndrome and a Rankin score
> 3, who subsequently, during the first two weeks following their stroke, used at
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least one of the following four drugs: histamine Hi-receptor antagonists, insulin,
vitamin B, or penicillins. Seventeen per cent of the patients at risk belonged to
this high risk group, predicting 40 per cent of all late-onset seizures, including
36 per cent of the recurrent seizures.
As late-onset seizures were recurrent and difficult to treat with current AED's,
especially in the younger patients, prevention of these recurrent late-onset
seizures following a brain infarct would be of significant clinical importance.
Fortunately, late-onset seizures could be predicted almost perfectly: 86 per cent
of all late-onset seizures (including 92% of the recurrent seizures). However,
more than fifty per cent of the patients with a first-ever supratentorial brain
infarct belong to this high risk group, and consequently are all candidates for
/7/Y>/?/JV/«C7/V A£D rrrar/Htf/ir. This means that 381 patients should be treated
prophylactically with AED's and be exposed to possible side-effects, especially
cognitive function disturbances in elderly patients,"'*-"'*'-'-"-'-" to prevent the
occurrence of the first late-onset seizure in 50 of them (13%). It seems
unjustified to treat this rather large number of patients to prevent a first seizure
in only ten per cent of them. Besides it would be very difficult to determine
when prophylactic treatment with AED's should be started and how long it
should be given, as late seizures occurred somewhere between 18 and 1848 days
after stroke-onset. In addition it remains questionable if prophylactic AED
treatment works, as in trials in the prevention of post-traumatic epilepsy the
results were very poor. 196,197.201 in conclusion, prophylactic treatment with AED's
seems not feasible. Treatment after a first late seizure would therefore be a more
preferable policy, but even then advantages and possible drawbacks of antiepileptic drug use in elderly stroke patients should be carefully counterbalanced.
However, concerning the high number of recurrent seizures we prefer to start
AED treatment after the first seizure in a sufficient high dose and advise strongly
not to wait for an eventual second seizure to occur.
Fortunately there are other "prophylactic" treatment possibilities to prevent
the occurrence of late-onset seizures:
•

reluctance with the administration of theophylline in general is advisable,
especially in stroke patients, and the lowest possible doses should be used
when no alternative drugs for theophylline are possible

•

the use of penicillins in stroke patients during the first weeks after strokeonset should be restricted: antibiotics from different classes are preferred

•

the possibility of vitamin B^, deficiency in elderly stroke patients deserves
attention; B^, should be measured regularly and deficiency treated adequately

•

be aware of hypoglycaemia, especially in diabetics who are treated with
insulin
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•

histamine H2-receptor antagonists, especially ranitidine, should not be
prescribed in patients with a brain infarct; a gastric acid secretion inhibitor
with a different mode of action is preferred.

When these "prophylactic actions" had been taken in our patients/o/vv/w ce/ir
of the late-onset seizures could have possibly been

In conclusion:
Early-onset and late-onset seizures represent two different types of epilepsy,
with different pathogenesis, different prognosis, specific risk factors and
epileptogenic cortical areas. Early-onset seizures were non-recurrent in 80 per
cent, whereas late-onset seizures were recurrent in 48 per cent of the patients
who survived the first two weeks after their first seizure. Early- and late-onset
seizures can be predicted rather reliable with the help of clinical features.
Patients' medical history and neurological examination early after stroke-onset
provide sufficient information to predict 60 per cent of the early-onset seizures
and 86 per cent of the late-onset seizures. Prophylactic treatment with antiepileptic drugs seems not feasible. However, not withdrawing benzodiazepines
early after stroke-onset, the avoidance of the use of theophylline, penicillin and
histamine H,-receptor antagonists during the first weeks following stroke-onset,
and the avoidance of hypoglycaemia and the treatment of vitamin B,, deficiency
later on, are important prophylactic measures and, when taken in our patients,
might possibly have prevented almost 30 per cent of the early-onset seizures and
40 per cent of the late-onset seizures.
The data from this thesis do not lend support to the feasibility of a controlled
clinical trial to assess the value of prophylactic anti-epileptic drug treatment in
patients who suffered a first supratentorial brain infarct.
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CHAPTER 8

C/iapter g

____

Seizures following a first cerebral infarct
Risk factors and prognosis
Post-stroke epilepsy is an important health care problem, concerning
approximately twelve percent of all epilepsy patients. Its importance will likely
increase in the future, as the number of stroke victims will rise due to the ageing
of the population. Post-stroke epilepsy is not a modern concept, the relationship
between cerebrovascular disease and seizures has been recognized since 1864,
and many reports have been published since then. However, due to discrepancies
in the literature many questions on post-stroke epilepsy still remain unanswered.
Therefore this prospective study in adult patients with a first-ever supratentorial
brain infarct was performed, to establish the frequency and prognosis of poststroke seizures, to identify clinical and CT-scan features increasing the risk of
those seizures, and to provide rational guide-lines to lower the risk of post-stroke
seizures.
In chapter 2 the frequency of supratentorial brain infarction as the cause of lateonset epilepsy in 680 patients with a first seizure after the age of twenty,
registered in an epilepsy registry was studied retrospectively: 65 (10%) had
seizures following a symptomatic supratentorial brain infarct. Brain infarction as
presumed cause of epilepsy was related with age at first seizure. First seizure
occurred within one year after brain infarction in 62 per cent, and later than two
years in 19 per cent. Eight of 14 patients (57%) with an early seizure (within
two weeks), and 28 of 41 patients (68%) with a first seizure later than two weeks
post-stroke had seizure recurrences despite anti-epileptic treatment. Of 38
patients who underwent computed tomography head scan (CT), 32 (84%) had a
cortical infarct, whereas six (16%) had one or more lacunar infarcts. This may
indicate that lacunar infarction may be associated with post-stroke epilepsy.
Using a detailed topographic brain atlas to localize the cortical infarcts. it
appeared that some gyri were more frequently involved, but "specific
epileptogenic" gyri could not be identified. What factors predict future epilepsy
in stroke patients has to be studied in prospective series of well-defined stroke
subgroups.
Chapter 3 describes the "Patients and methods" of such a prospective study.
During a five year intake period. 770 adult patients with a first-ever symptomatic
supratentorial brain infarct were included in the study. They were followed for a
median of almost two years, and 84 patients (11%) developed post-stroke
seizures (PSS) during follow-up. The first seizure occurred within two weeks
following stroke-onset in one third of the patients, and in ninety per cent within
the first two years. There was no predominance of one of the two sexes in
developing PSS, however patients 75 years or older developed PSS significantly
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Summary

more often than younger patients. When seizures were divided in early-onset
(within two weeks following stroke-onset) and late-onset seizures, these two
seizure types seemed to represent two different types of epilepsy. Early-onset
seizures occurred in 4 per cent of our patients after a very short delay: they
occurred mainly in the first 48 hours after stroke. Late-onset seizures occurred in
8 per cent of the patients who survived the first two weeks after stroke-onset.
Patients younger than 65 years developed only late-onset seizures, whereas in
patients from 65 years and older the frequency of early-onset seizures increased
with increasing age. Prognosis between early- and late-onset seizures was also
different: early- onset seizures had a good prognosis, they were non-recurrent in
80 per cent, whereas late-onset seizures had a bad prognosis, they were recurrent
in 48 per cent of the patients who survived the first two weeks after their first
seizure, and especially in those younger than 65 years. However, seizures were
not related to a higher mortality rate.
In chapter 4 clinical features were studied in order to define "risk factors" that
increase the risk of post-stroke seizures. All possible risk factors mentioned in
the literature were studied in the 770 patients included in our prospective
register. Because of various lengths of exposure time. Incidence Risk Ratio's
were used to estimate the relative risk, and Cox regression analyses were
performed to define the high risk groups. Early-onset and late-onset seizures
represented two different types of epilepsy with different pathogenesis and risk
factors. Early-onset seizures may be merely secondary to a variety of noncerebral disarrangements in the early phase following stroke, older patients
being more sensitive for such disarrangements than younger patients. The
presence of a cardiac source of embolism increases this risk, as cardiac emboli
may disintegrate, and reperfusion damage may cause seizures. Such mechanism
occurs shortly after stroke onset, and therefore probably does not play a role in
the development of late-onset seizures, which may be regarded as "real" poststroke epilepsy caused by epileptic disturbances in cerebral "scar" tissue
remaining from large territorial infarcts. Membrane instability of the injured
brain cells, disturbances in the GABA-ergic inhibitory system, or in the action of
receptors involved in excitatory brain activity, all disturbing the delicate balance
between excitatory and inhibitory neural mechanisms in favour of excitation in
such "scarred" brain foci, may be involved. The high risk group for developing
early-onset seizures, with an eight times increased risk, were patients of 65 years
or older, who had a cortical syndrome, a Rankin score > 3, and a potential
cardiac source of embolism. Nineteen percent of all patients at risk belonged to
this high risk group, and 61 per cent of all patients with early-onset seizures
could be predicted. The risk of late-onset seizures was more than eight times
higher in patients with a cortical syndrome and a Rankin score > 3. Fifty-three
per cent of all patients at risk belonged to this high risk group, and 86 per cent of
all patients with late-onset seizures could be predicted, including 92 per cent of
the patients with recurrent, difficult to treat seizures.
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In chapter 5 a sub-group of the patients registered in our register was studied.
The occurrence of seizures in 322 patients with a first-ever C7"-CO/I///VH«/
symptomatic /err/tor/a/ brain infarct involving the cortex was studied
prospectively. Clinical and CT-scan features were studied to see whether
infarction in certain brain areas would increase the risk of post-stroke seizures.
Special attention was given to cortical infarct location. Fifty-four patients (17%)
developed post-stroke seizures. A distinction was made between early- and lateonset seizures, occurring within two weeks following stroke-onset, or later than
two weeks, respectively. We found that patients of 65 years or older with a
cardioembolic brain infarct involving the middle temporal or post-central gyrus,
had an almost six times increased risk of early-onset seizures. Twenty-one per
cent of all patients at risk belonged to this high risk group, and 64 per cent of all
patients with early-onset seizures could be predicted. In the previous chapter a
similar risk was found. Infarct location seemed to add no extra value to the
prediction of the risk of early-onset seizures: early-onset seizures can be
predicted from clinical features alone. However the data showed that some brain
areas are more epileptogenic than others. The high risk group for late-onset
seizures, with a five times increased risk, were patients with a large brain infarct
involving the supramarginal or superior temporal gyrus. Twenty-four per cent of
all patients at risk belonged to this high risk group, and 49 per cent of all patients
with late-onset seizures could be predicted, including half of the patients with
recurrent seizures. In comparison with the high risk group from the previous
chapter, infarct location reduced the high risk group from more than half to only
one quarter of all patients, and is therefore useful in predicting the risk of lateonset seizures. Risk factors and epileptogenic cortical areas for post brain infarct
seizures can be identified, however, they differ between early- and late-onset
seizures. These data may influence treatment decisions in stroke patients.
In chapter 6 the influence of medication, other than anti-epileptic drugs, on the
occurrence of post-stroke seizures is explored in all 770 patients. Theophylline
use before stroke, and benzodiazepine withdrawal early after stoke, increased the
risk of early-onset seizures, whereas the occurrence of late-onset seizures was
increased by the use of penicillins and histamine H^-receptor antagonists during
the first weeks following stroke, by insulin induced hypoglycaemia and by
vitamin B^ deficiency. The high risk group with an almost 24 times increased
risk for early-onset seizures appeared to be patients of 65 years or older who had
a cortical syndrome, a Rankin score > 3, and a potential cardiac source of
embolism, and who had been using theophylline shortly before stroke-onset, ór
in whom the use of benzodiazepines had been abruptly discontinued early after
stroke-onset. Only two per cent of the patients at risk belonged to this high risk
group, and 25 per cent of all early-onset seizures could be predicted. The high
risk group for late-onset seizures, with a six times increased risk, were patients
with a cortical syndrome and a Rankin score > 3. who subsequently, during the
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first two weeks following their stroke, used at least one of the following four
drugs: histamine H.-receptor antagonists, insulin, vitamin B. or penicillins.
Seventeen per cent of the patients at risk belonged to this high risk group, and 40
per cent of all late-onset seizures could be predicted, including 36 per cent of the
patients with recurrent seizures. Although these findings may not be useful to
predict a large number of patients that will develop post-stroke seizures, they
provide us with some practical guide-lines to lower the risk of post-stroke
seizures:
• benzodiazepines in patients with a brain infarct who had been using these
drugs at home should not be withdrawn. Almost one third of the early-onset
seizures may possibly be prevented by this measure alone!
• reluctance with the administration of theophylline in general is advisable,
especially in stroke patients, and the lowest possible doses should be used
when no alternative drugs for theophylline are possible
• the use of penicillins in stroke patients during the first weeks after strokeonset should be restricted: antibiotics from different classes are preferred
• the possibility of vitamin B^, deficiency in elderly stroke patients deserves
attention; B<, should be measured regularly and deficiency treated adequately
• be aware of hypoglycaemia. especially in diabetics who are treated with
insulin
• histamine HU-receptor antagonists, especially ranitidine, should not be
prescribed in patients with a brain infarct: a gastric acid secretion inhibitor
with a different mode of action is preferred
When these "prophylactic actions" had been taken in our patients ./«m- / w r<v//
of the late-onset seizures could have possibly been /wm;/c</.
In chapter 7, the general conclusion, it was concluded that early-onset and lateonset seizures represent two different types of epilepsy, with different
pathogenesis. different prognosis, specific risk factors, and epileptogenic
cortical areas. Early- and late-onset seizures can be predicted rather reliably with
the help of clinical features. Patients' medical history and neurological
examination early after stroke-onset provide sufficient information to predict 60
per cent of the early-onset seizures and 86 per cent of the late-onset seizures.
However, prophylactic treatment with anti-epileptic drugs seems not feasible.
Early-onset seizures occur too early, and have a tendency to resolve
spontaneously. A second or even a third seizure may be awaited before AED
treatment is started. In late-onset seizures however. AED treatment has to be
started after the first seizure in a sufficient high dose. The administration of
AED's should not be delayed until an eventual second seizure, because this
second seizure is likely to occur. Fortunately, other "prophylactic measures" can
be taken: continuation of benzodiazepine use early after stroke-onset, the
avoidance of the use of theophylline. penicillin and histamine P^-receptor
antagonists during the first weeks following stroke-onset, and the avoidance of
hypoglycaemia and the treatment of vitamin B,, deficiency later on.
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Epileptische insulten na een eerste herseninfarct
Risicofactoren en prognose

Ongeveer twaalf procent van alle epilepsie patiënten heeft epilepsie gekregen na
een beroerte (de zogenaamde post-CVA epilepsie). Omdat door de vergrijzing
van de bevolking het aantal patiënten dat getroffen wordt door een beroerte zal
toenemen, zal het belang van post-CVA epilepsie in de toekomst
hoogstwaarschijnlijk ook toenemen. Post-CVA epilepsie is geen modern begrip,
de relatie tussen cerebrovasculaire aandoeningen en epileptische insulten is al
bekend sinds 1864 en sindsdien zijn vele artikelen over dit onderwerp
gepubliceerd. Echter, als gevolg van de tegenstrijdigheden in de literatuur
blijven er nog veel vragen betreffende post-CVA epilepsie onbeantwoord.
Daarom werd deze prospectieve studie onder volwassenen met een eerste
supratentorieel herseninfarct uitgevoerd. De doelstellingen waren: 1) de
frequentie en de prognose van epileptische insulten na een herseninfarct vast te
stellen, 2) te bepalen welke klinische en radiologische kenmerken het risico op
deze insulten verhogen, 3) te komen tot bruikbare richtlijnen ter verlaging van
het risico op epileptische insulten na een herseninfarct.
In hoofdstuk 2 werd het vóórkomen van een supratentorieel herseninfarct als
oorzaak voor epilepsie op latere leeftijd retrospectief bestudeerd in 680 epilepsie
patiënten, geregistreerd in een epilepsie register, die hun eerste insult hadden
doorgemaakt na het twintigste levensjaar: 65 (10%) van hen hadden insulten na
een symptomatisch supratentorieel herseninfarct. De frequentie van het
herseninfarct als veronderstelde oorzaak van de epileptische insulten nam toe
naarmate de leeftijd waarop het eerste insult optrad hoger werd. Bij 62 procent
van de patiënten trad het eerste insult binnen eenjaar na het herseninfarct op en
bij 19 procent pas na meer dan twee jaar. Ondanks een behandeling met antiepileptica bleven acht van de 14 patiënten (57%) met een eerste vroeg-optredend
insult (binnen twee weken na het herseninfarct). en 28 van de 41 (68%) met een
eerste laat-optredend insult (later dan twee weken na het herseninfarct)
epileptische aanvallen houden. Van de 38 patiënten bij wie een CT-scan werd
verricht, hadden 32 patiënten (84%) een corticaal infarct, terwijl zes patiënten
(16%) één of meerdere lacunaire infarcten hadden. Dit zou kunnen betekenen dat
lacunaire infarcten ook geassocieerd kunnen zijn met post-CVA epilepsie. Met
behulp van een gedetailleerde typografische hersenatlas werden de corticale
infarcten gelokaliseerd: sommige gebieden waren weliswaar vaker aangedaan.
maar "specifieke epileptogene" gebieden konden niet worden ontdekt. De
conclusie is dat de vraag welke factoren het optreden van epileptische insulten
na een beroerte kunnen voorspellen, moet worden bestudeerd in een
prospectieve studie met een goed gedefinieerde patiëntengroep.
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Hoofdstuk 3 beschrijft de methodologie van een dergelijke prospectieve studie.
Gedurende een periode van vijf jaar werden 770 volwassenen met een eerste
symptomatisch supratentorieel herseninfarct ingesloten in de studie. Zij werden
bijna twee jaar gevolgd (mediane follow-up duur) en 84 van hen (11%) kregen
epilepsie gedurende deze periode. Een derde van hen kreeg het eerste insult
binnen twee weken na het herseninfarct, 90 procent binnen twee jaar. Mannen en
vrouwen hadden een gelijke kans op post-CVA epilepsie. Leeftijd was echter wel
een risicofactor: patiënten van 75 jaar en ouder kregen significant vaker
epileptische insulten na hun herseninfarct dan patiënten die jonger waren. Nadat
de epileptische aanvallen werden verdeeld in vroeg-optredende (binnen twee
weken na het herseninfarct) en laat-optredende insulten (later dan twee weken na
het herseninfarct). bleken dit twee verschillende soorten epilepsie te zijn. Vier
procent van de patiënten maakte vroege insulten door na hun herseninfarct: deze
insulten traden met name in de eerste 48 uur na het herseninfarct op. Acht
procent van de patiënten die langer dan twee weken na hun herseninfarct
overleefden, kreeg late insulten. De patiënten jonger dan 65 kregen alleen late
insulten, terwijl van de patiënten van 65 jaar en ouder het percentage dat vroege
insulten kreeg, toenam met het stijgen van de leeftijd. Ook de prognose van
vroege en late insulten was verschillend: vroege insulten hadden een goede
prognose: 80 procent van de patiënten was binnen twee weken na het eerste
insult aanvalsvrij. Late insulten hadden een slechte prognose: van de patiënten
die de eerste twee weken na het eerste epileptisch insult hadden overleefd, bleef
48 procent aanvallen houden, met name de patiënten jonger dan 65 jaar.
Patiënten met insulten hadden geen verhoogde kans om te overlijden.
In hoofdstuk 4 werd onder de klinische kenmerken van de patiënten gezocht
naar factoren die het risico op epileptische insulten na een herseninfarct
verhogen. Alle risicofactoren die in de literatuur genoemd zijn, werden
bestudeerd in de 770 patiënten uit onze prospectieve registratie. Omdat in deze
studie de lengte van de tijd gedurende welke een patiënt risico liep op het krijgen
van epileptische insulten na een herseninfarct (duur blootstelling) varieerde,
werden Incidence Risk Ratio's gebruikt om het relatief risico te berekenen, en
Cox regressie analyses om de risicofactoren te identificeren. Vroeg-optredende
en laat-optredende insulten bleken twee verschillende soorten epilepsie te
vertegenwoordigen met verschillende pathogenese en risicofactoren. Vroege
insulten zijn waarschijnlijk een gevolg van allerlei niet-cerebrale ontregelingen
die in de vroege fase na een herseninfarct optreden en waarvoor oudere patiënten
veel gevoeliger zijn dan jonge patiënten. De aanwezigheid van een cardiale
emboliebron als mogelijke oorzaak voor het herseninfarct vergroot het risico
extra, omdat cardiale emboliën uiteen kunnen vallen, waarna reperfusie-schade
optreedt met als gevolg epileptische insulten. Omdat dit mechanisme kort na het
optreden van het herseninfarct plaatsvindt, speelt het waarschijnlijk geen rol bij
het ontstaan van de late insulten. Late insulten moeten eerder worden beschouwd
als "echte" epilepsie, veroorzaakt door epileptische ontladingen in cerebrale
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littekens die ontstaan zijn na grote corticale infarcten. Hierbij moet gedacht
worden aan membraan-instabiliteit van de beschadigde hersencellen, stoornissen
in het GABA-gestuurde remmende systeem en stoornissen in de werking van de
receptoren die betrokken zijn bij neuronale excitatie, waardoor de gevoelige
balans tussen neuronale excitatie en inhiberende neurale mechanismen wordt
verstoord ten gunste van de neuronale excitatie. Patiënten van 65 jaar of ouder
met een corticaal syndroom, een Rankin score > 3, en een potentiële cardiale
emboliebron, vormden de risicogroep voor het krijgen van vroege insulten, met
een acht maal verhoogde kans. Negentien procent van alle patiënten behoorde
tot deze risicogroep. Deze combinatie van risicofactoren voorspelde 61 procent
van alle patiënten met vroege insulten. Het risico op late insulten was meer dan
acht maal hoger voor patiënten met een corticaal syndroom en bij opname een
Rankin score > 3. Drieënvijftig procent van alle patiënten behoorde tot deze
risicogroep. Deze combinatie van risicofactoren voorspelde 86 procent van alle
patiënten met late insulten, onder wie 92 procent van de patiënten met
recidiverende, moeilijk te behandelen insulten.
In hoofdstuk 5 werd het optreden van epileptische insulten in 322 patiënten met
een eerste, C7*-6eve.v//£</, symptomatisch corf/catr/ herseninfarct beschreven.
Klinische en radiologische kenmerken werden bestudeerd met de vraag of
infarcering van bepaalde hersengebieden het risico op epileptische insulten na
een herseninfarct verhoogde. Speciale aandacht werd besteed aan de exacte
corticale lokalisatie van de infarcten. Vierenvijftig patiënten (177r) kregen
epileptische insulten na hun herseninfarct. Er werd onderscheid gemaakt tussen
vroege en late insulten, respectievelijk optredend binnen twee weken na het
herseninfarct. of later dan twee weken na het herseninfarct. We vonden dat
patiënten van 65 jaar of ouder met een cardioembolisch herseninfarct, waarbij de
gyrus temporalis medius of de gyrus postcentralis was betrokken, een bijna zes
maal verhoogd risico hadden op het krijgen van vroege insulten. Eenentwintig
procent van alle patiënten behoorde tot deze risicogroep. Deze combinatie van
risicofactoren voorspelde 64 procent van alle patiënten met vroege insulten. In
het vorige hoofdstuk werd ongeveer hetzelfde risico gevonden. Infarctlokalisatie bleek geen extra bijdrage te leveren aan de voorspelbaarheid van het
risico op vroege insulten: vroege insulten kunnen worden voorspeld aan de hand
van klinische kenmerken. De uitkomst van deze studie toonde echter wel aan dat
sommige hersengebieden epileptogener zijn dan andere. De risicogroep met een
vijf maal verhoogd risico op het krijgen van late insulten werd gevormd door de
patiënten met een groot herseninfarct waarbij de gyrus supramarginalis of de
gyrus temporalis superior betrokken was. Vierentwintig procent van alle
patiënten behoorde tot deze risicogroep. Deze combinatie van risicofactoren
voorspelde 49 procent van alle patiënten met late insulten, onder wie de helft van
de patiënten met recidiverende aanvallen. In vergelijking met de risicogroep uit
het vorige hoofdstuk, werd de groep met een hoog risico verkleind van meer dan
de helft van alle patiënten tot slechts een kwart van hen. Het kenmerk "infarct130

lokalisatie" is derhalve bruikbaar voor het voorspellen van het risico op late
insulten. Risicofactoren en epileptogene corticale gebieden voor het optreden
van epileptische insulten na een herseninfarct kunnen worden aangewezen, maar
zijn verschillend voor de vroege en voor de late insulten.
In hoofdstuk 6 werd in alle 770 geregistreerde patiënten onderzocht of andere
medicijnen dan anti-epileptica invloed hebben op het optreden van epileptische
insulten na een herseninfarct. Patiënten die vóór het herseninfarct theofylline
gebruikten, hadden meer kans op het krijgen van vroege insulten. Patiënten die
vóór het herseninfarct benzodiazepinen gebruikt hadden, waarvan de toediening
kort na het herseninfarct gestaakt was, hadden eveneens een verhoogde kans op
vroege insulten. Het risico op late insulten bleek te worden verhoogd door het
gebruik van penicillines en histamine H,-receptor antagonisten gedurende de
eerste twee weken na het herseninfarct, door hypoglycaemie bij insuline gebruik
en door vitamine B(,-deficiëntie. Patiënten van 65 jaar of ouder met een corticaal
syndroom, een Rankin score > 3 en een cardiale emboliebron. die theofylline
gebruikt hadden voor hun herseninfarct, of benzodiazepinen waarvan de
toediening plotseling gestaakt was na het herseninfarct, hadden een bijna 24
maal verhoogd risico op het krijgen van \'/w#f ///.vw/Zf;;. Slechts twee procent
van alle patiënten behoorde tot deze risicogroep. Deze combinatie van
risicofactoren voorspelde 25 procent van alle patiënten met vroege insulten. De
risicogroep met een zes maal verhoogd risico op het krijgen van /«re mjM/Vfrt
werd gevormd door de patiënten met een corticaal syndroom en een Rankin
score > 3, die gedurende de eerste twee weken na hun herseninfarct behandeld
werden met tenminste één van de volgende vier medicamenten: histamine
I-K-receptor antagonisten, insuline, vitamine B, of penicillines. Zeventien
procent van alle patiënten behoorde tot deze risicogroep. Deze combinatie van
risicofactoren voorspelde 40 procent van alle patiënten met late insulten, onder
wie 36 procent van de patiënten met recidiverende aanvallen.
Deze bevindingen geven enkele praktische richtlijnen ter verlaging van het risico
op epileptische insulten na een eerste herseninfarct:
•

benzodiazepine-gebruik bij patiënten met een herseninfarct, die deze
middelen thuis gebruikten, dient te worden gecontinueerd. Bijna een derde
van de vroege insulten had mogelijk voorkomen kunnen worden door deze
maatregel!
• terughoudendheid is geboden bij het voorschrijven van theofylline in het
algemeen, maar met name bij patiënten die een herseninfarct hebben
doorgemaakt. Indien er geen alternatief voor theofylline is, dient de laagst
mogelijke dosering te worden voorgeschreven
• het gebruik van penicillines gedurende de eerste weken na een herseninfarct
dient zoveel mogelijk te worden vermeden; de voorkeur moet worden
gegeven aan antibiotica met een ander werkingsmechanisme
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• de mogelijkheid van een vitamine Bf,-deficiëntie in oudere patiënten met een
herseninfarct dient overwogen te worden; B(, moet regelmatig worden
bepaald en een gevonden deficiëntie dient adequaat te worden behandeld
• de mogelijkheid van een hypoglycaemie dient te worden overwogen, met
name bij diabetici die behandeld worden met insuline
• histamine H^-receptor antagonisten, met name ranitidine, dienen niet te
worden voorgeschreven aan patiënten die een herseninfarct hebben
doorgemaakt; bij voorkeur dient gebruik gemaakt te worden van een
maagzuur secretie remmer met een ander werkingsmechanisme
Wanneer deze "profylactische maatregelen" bij onze patiënten waren genomen,
zou mogelijkerwijs veerf/g procr/ïf van de late insulten voorfco/Hen hebben
kunnen worden.
Hoofdstuk 7: Vroege en late insulten vertegenwoordigen twee verschillende
soorten epilepsie met een verschillende pathogenese. een verschillende
prognose, specifieke risicofactoren en verschillende epileptogene corticale
gebieden. Vroege en late insulten kunnen redelijk betrouwbaar worden
voorspeld met behulp van klinische kenmerken. De medische voorgeschiedenis
van de patiënt, de anamnese en het neurologisch onderzoek kort na het optreden
van het herseninfarct leveren voldoende informatie op om 60 procent van de
vroege en 86 procent van de late insulten te kunnen voorspellen. Desondanks is
een profylactische behandeling met anti-epileptica niet aangewezen. Vroege
insulten treden te snel na het herseninfarct op en verdwijnen spontaan. Een
tweede of zelfs een derde insult kan worden afgewacht voordat een behandeling
met anti-epileptica wordt gestart. Na een laat insult is het echter aangewezen
behandeling met anti-epileptica direct na het optreden van het eerste insult in een
voldoende hoge dosering te starten, omdat een tweede insult zeer waarschijnlijk
zal optreden.
Gelukkig kunnen er een aantal andere maatregelen worden genomen om het
risico op epileptische insulten na een herseninfarct te verkleinen: continueren
van de behandeling met benzodiazepinen na het ontstaan van een herseninfarct,
het vermijden van het gebruik van theofylline, penicillines en histamine
H^-receptor antagonisten gedurende de eerste weken na het herseninfarct. het
voorkomen van hypoglycaemieën, en het behandelen van vitamine
Bfr-deficiënties na het herseninfarct.
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APPENDIX

The "Modified Rankin Scale"

Grade 0 =
Grade 1 =
Grade 2 =

Grade 3 =
Grade 4 =
Grade 5 =

No symptoms
Minor symptoms which do not interfere with lifestyle
Minor handicap - symptoms which lead to some restriction in
lifestyle but do not interfere with the patient's capacity to look
after himself
Moderate handicap - symptoms which significantly restrict
lifestyle and prevent totally independent existence
Moderately severe handicap - symptoms which clearly prevent
independent existence though not needing constant attention
Severe handicap - totally dependent requiring constant attention
night and day

Grades 0, 1, and 2 are considered: Functionally totally independent
Grades 3, 4, and 5 are considered: Functionally dependent
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