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Abstract
Background    There is a paucity of literature dealing with post-stroke seizure EEG abnormalities and
perhaps none that compares them between infarcts and hemorrhagic strokes. In this study, we
aimed to find out whether EEG abnormalities were associated with the type, location and interval of
stroke.
Methods In this cross-sectional study from 2008 to 2012, the EEG findings (normal, abnormal
significance I-III) of post-stroke patients who had seizures were compared with the type (infarct or
hemorrhage) and location (cortical, subcortical, brainstem or cerebellar) of stroke, and with the
interval of stroke ictus to EEG. The location was based on neuro-imaging studies; other data were
retrieved from the EEG requests and clinical records of the patients.
Results Ninety-eight patients with a mean age of 63.9 years, majority of which were females, who  had
infarcts, and had abnormal EEG findings, were included. Hemorrhagic strokes were significantly
associated with more severe abnormalities (abnormal significance III) on EEG (P = 0.04). The location
of the stroke did not show any statistically significant correlation with EEG abnormalities in our
study. The time elapsed between stroke and the EEG was not significant (P = 0.09).
Conclusion The most common EEG abnormality seen on in the EEGs of post-stroke patients was
intermittent focal or generalized slowing of the background and most severe EEG abnormalities were
noted on EEGs of hemorrhagic stroke patients rather than infarctions. In this study, the EEG
abnormality did not appear to correlate well with the location of the stroke.
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T         here   is  a   paucity   of   literature    regarding   the
  correlation of  abnormalities on the
electroencephalogram (EEG) and post-stroke seizures.
Most of  the available literature deals with risk factors
for developing seizures after the occurrence of  stroke,
but these studies rarely delve into the correlation between
the seizures and the EEG findings in these patients. A
retrospective study by Gupta, et al.1 revealed that the
most common EEG findings were focal slowing of  the
background over the area affected by the infarction. A
prospective study by Dhanuka, et al.2 found that a
cortical lesion was associated with a higher risk of
developing seizures. They found that half  of  patients
had normal EEGs; 26% had diffuse slowing; 22% had

focal slowing; and 17% had epileptiform discharges.
However, contrary to findings in Western literature, the
time of  seizure onset (acute, early or late phase) did not
correlate with the development of  epilepsy.

A local study in 2009 on the risk factors for the
development of  post-stroke seizures found that post-
stroke seizures occurred in 5.9% of  the patients
followed up for two years. A third of  the patients had
EEGs available for review. Seizures occurred most
f requent ly  in  cor t ica l ,  combined cor t ica l  and
subcortical lesions, and in subarachnoid hemorrhage.
The findings were focal slowing over the area affected
by the stroke (36%); generalized slowing of  the
background (27%); and epileptiform discharges (27%).
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Patients who had recurrent strokes had higher seizure
occurrence rates.3

To our knowledge, ours is the first local study that
reviewed a large number of  EEGs in post-stroke patients.

Our aim was to find out whether:

1. EEG abnormalities were more likely to occur in
infarcts or hemorrhages;

2. These EEG abnormalities are more severe in
infarcts or hemorrhages;

3. The location of the stroke has an effect on the
abnormality seen on EEG; and

4. The interval between stroke (ictus) and EEG
affected the degree of  abnormality.

Methods
This cross-sectional study done at the University of  the
East Ramon Magsaysay Memorial Medical Center
involved post-stroke patients who had seizures. Their
EEG findings were correlated with the results of  neuro-
imaging studies.

The EEGs of post-stroke patients done at the
Neurophysiology Laboratory were identified and
retrieved. The results of  neuro-imaging studies and
clinical data were obtained from their respective EEG
requests or from the Radiology Section. When necessary,
charts of  patients who were admitted in the hospital were
reviewed. Patients who had concomitant encephalopathy
(metabolic, toxic, septic, hepatic or uremic) and
intracranial tumors were excluded.  The following data
were extracted: patient demographics, EEG findings,
type and location of  stroke, and interval between stroke
ictus and EEG.

EEG findings were reported as: normal, abnormal
significance I (mild), abnormal significance II (moderate)
or abnormal significance III (severe). Their definitions
are seen in Table 1. Type of  stroke was either infarction
or hemorrhage (intraparenchymal, subarachnoid,

Table 1.  Cleveland Clinic EEG Classification (1970).

EEG Classification

Normal
Abnormal Significance I Generalized slowing of the background
(MILD)

Abnormal Significance II Intermittent generalized or focal slowing of the background
(MODERATE)

Abnormal Significance III Continuous focal or generalized slowing of the background and/or presence of
(SEVERE) epileptiform discharges

ruptured arteriovenous malformation). Based on
location, strokes were classified as cortical (frontal,
parietal, temporal and occipital); subcortical (corona
radiata, periventricular white matter, basal ganglia,
thalamus, internal capsule); brainstem (midbrain, pons
and medulla); or cerebellar.  In instances where multiple
foci were noted on imaging, the most prominent and/or
most recent lesion was considered as the location of  the
stroke. All neuro-imaging studies were interpreted by
board-certified radiologists. The official results were used
in this study.

The data were then encoded and analyzed using
SPSS version 10 for Windows. Descriptive statistics were
generated for all variables. For nominal data, frequencies
and percentages were computed. For numerical data,
means ± standard deviations (SD) were generated.
Analysis of  variance (ANOVA) was used to determine
the association of  the time interval between the stroke
ictus and the EEG when the abnormality was noted. Chi-
square test was used to determine the association
between type of  stroke and degree of  EEG abnormality,
and location of  stroke and EEG abnormality.

Results
There were 125 EEGs done on post-stroke patients from
January 2008 to June 2010. Of  these, 27 had no neuro-
imaging studies and/or clinical data, leaving 98 for
inclusion in the study. The subjects had a mean age of
63.9 years, and included a baby and two adolescent
males. Majority of  the subjects were women and had
infarctions. More than 80% of  subjects had abnormal
EEG findings, of  which 40% were classified as abnormal
significance II. Table 2 shows the distribution of  patients
according to age, sex, type of  stroke and EEG findings.

Table 3 shows a significant association between the
type of  stroke and the degree of  abnormality on EEG
(P = 0.04, Chi-square). All patients with hemorrhagic
stroke had abnormal EEG findings while only 80% of
those patients with infarction had abnormal EEGs.
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Table 2.  Demographic characteristics of subjects (N = 98).

Characteristics    Frequency Percentage

Age in years
≤10   1   1.0
11 - 20   3   3.0
21 - 30   7   7.1
31 - 40   3   3.0
41 - 50   5   5.1
51 - 60 18 18.4
61 - 70 17 17.3
71 - 80 21 21.4
81 - 90 17 17.3
>90   6   6.1

Mean ± SD = 63.9 ± 21.1

Sex

Female 54 55.1

Male 44 44.9

Type of Stroke

Infarction 82 83.7

Hemorrhage 16 16.3

EEG Results

Abnormal I 20 20.4

Abnormal II 39 39.8

Abnormal III 23 23.5

Normal 16 16.3

Table 3.  Association of type of stroke with EEG results.

EEG Results Total
Abnormal III Abnormal II Abnormal I Normal
    (N=23)     (N=39)            (N=20) (N=16)

Type of Stroke
Infarction 16 (19.5%) 32 (39.0%) 18 (22.0%) 16 (19.%) 82
Hemorrhage (Bleed)   7 (43.8%)   7 (43.8%)   2 (12.5%)   0 16

P = 0.04 (chi-square test)

significance II or III EEGs. Among the 23 patients who
had  abnormal  significance  III  EEG  results, 14 had
epileptiform discharges. Eight patients had infarcts (7
cortical, 1 subcortical) and the other six had hemorrhage
(1 cortical, 5 subcortical). Epileptiform discharges
occurred in 37.5% of hemorrhagic stroke patients and in
less than 10% of infarct patients. These epileptiform
discharges occurred focally over the area affected by the
stroke in 13 patients while the remaining patient had
generalized epileptiform discharges. She had suffered
from a right parieto-occipital bleed with intraventricular
extension.

Table 4 shows no significant association noted
between the location of  the stroke and abnormal findings
on EEG (P = 0.72). Nine out of  10 patients had cortical
or subcortical strokes. Almost 90% of  patients with
cortical lesions had abnormal EEGs compared with
three-fourths in patients with subcortical lesions.

Table 5 shows no significant association between the
time elapsed from stroke ictus and the degree of
abnormality on EEG (P = 0.09, ANOVA). However,
more severe EEG abnormalities were noted within 2-5
years from the ictus of  the stroke. EEGs done 5 years
after stroke tended to be normal. Three of  14 patients
with epileptiform discharges had their EEGs done in the
acute phase of their stroke (within 72 hours of the ictus).
Two of  these patients had hemorrhage, one had an
infarction. The remaining 11 patients had their EEGs
done between 1-22 years after the stroke, with a mean
interval of  4 years between the stroke ictus and EEG
recording.

Discussion
Population studies by Hauser5 revealed that stroke is the
most common cause of  epilepsy in adults. The
prevalence of seizures occurring after stroke is 5-48%.2,4

Factors consistently identified with post-stroke seizures
are cortical location of  the stroke2, 4, 6,7, hemorrhage7, 8 or
severe ischemic stroke.4,6,8,9  Early seizure occurrence,
during the acute phase of the stroke (≤ 72 hours) or

Around 60% of patients with infarcts had abnormal
significance I or II EEG findings while more than 85%
of  hemorrhagic stroke patients had abnormal
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Table 4.   Association of location of stroke with EEG results.

EEG Results Total
Abnormal III Abnormal II Abnormal I   Normal
    (N=23)     (N=39)            (N=20)   (N=16)

Location of Stroke
Brainstem   0   1 (50.0%)   1 (50.0%) 0   2
Cerebellar   1 (50.0%)   0   0 1 (50.0%)   2
Cortical 15 (24.2%) 25 (40.3%) 14 (22.6%) 8 (12.9%) 62
Subcortical   7 (23.3%) 12 (40.0%)   4 (13.3%) 7 (23.3%) 30
No definite location   0   1 (50.0%)   1 (50.0%) 0   2

P = 0.72 (chi-square)

Table 5.   Association between time elapsed (in years) from ictus and EEG results.

EEG Results
Abnormal III Abnormal II Abnormal I   Normal
    (N=23)     (N=39)            (N=20)   (N=16)

Time in Years
Mean ± SD 2.89 ± 4.96 2.50 ± 3.54 4.28 ± 4.68 5.12 ± 5.58

P = 0.09 (ANOVA)

within 2 weeks after the ictus was more common in large
infarcts.1,2,6 These early onset seizures did not persist
beyond a few months.6, 8, 9  Many studies have suggested
that hemorrhage7,8 increases the risk of post-stroke
seizures, although some authors claim that infarction
poses a higher risk for seizures.6, 9

Our data are consistent with those obtained from the
scarce amount of l i terature1,2 in terms of EEG
abnormalities in post-stroke seizures.  More than 80%
had infarctions, with abnormal significance II EEGs -
intermittent focal or generalized slowing of the
background – being the most common finding. The EEG
findings of the other infarct patients were almost evenly
distributed across the remaining categories. All patients
who had hemorrhagic stroke had abnormal EEGs, with
more than 80% having severe changes (abnormal
significance II-III). This corroborates findings from
literature that hemorrhagic stroke patients are more at
risk for developing post-stroke seizures than patients who
had infarctions.7, 8

A third  of  the  patients had severe EEG abnormalities
and two-thirds of them had epileptiform discharges. The
stroke type did not appear to be associated with the
likelihood of finding epileptiform discharges on EEG
since the patients were almost evenly distributed across
the two stroke subtypes (6 hemorrhages and 8 infarctions).

This may be due to the small number of hemorrhagic
stroke patients. On the other hand, our study showed that
most of the patients who had hemorrhagic stroke and
epileptiform discharges had a subcortical rather than a
cortical location of  the stroke, contrary to the literature
review.2,4,6,7 Patients with infarctions and epileptiform
discharges had a relatively large stroke in the cortical
area.

Contrary to the literature, the authors did not find an
association between location of the stroke and abnormal
EEGs findings although the data indicate that at least 75%
of patients with cortical or subcortical lesions had
abnormal EEG findings.

The data showed that when an EEG was done within
2-5 years of the ictus, the likelihood of seeing an
abnormality was higher. EEGs with abnormal
significance II-III were seen around 2 ½ years after the
stroke while normal EEGs were seen after five years.
This raises the question whether or not patients at risk for
post-stroke seizures (i.e., hemorrhagic stroke patients)
should undergo EEG for screening during the course of
their illness and recovery.

To the authors’ knowledge, this is the first study to
review a relatively large number of EEGs in post-stroke
patients with seizures.   The literature cited had 11-35
EEGs.  This is also the first local study correlating EEG
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findings with the type of  stroke, location, and interval
between ictus and EEG. This study showed that
hemorrhagic stroke patients had more severe
abnormalities on EEG when compared to infarct patients.
There was a tendency for abnormal EEGs to be seen
within five years of  the stroke. The location of  the stroke
did not appear to correlate with the degree of abnormality
seen on EEG.  We recommend a reevaluation of  the
association of these parameters when more EEGs are
accrued.
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