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Is the EEG really normal in lacunar stroke?

L J Kappelle, A C van Huffelen, J van Gijn

Abstract
Electroencephalograms of 12 patients
with a recent lacunar infarct, 12 patients
with a recent cortical infarct and 12
control patients were studied without
previous information about the clinical
features and the corresponding CT scan
findings. EEG assessment included both
visual and computerised analysis, in both
the eyes closed and the eyes open condi-
tion. The specificity and the sensitivity of
the EEG in the diagnosis of lacunar
infarction in this study were both 0-8 (95%
confidence limits 0-51). The positive
predictive value of diagnosing a lacunar
infarct on the basis of the EEG was 0-7
(95% confidence limits 0 4-0 9). The
chance-corrected coefficient of agree-
ment (kappa) between CT scanning and
EEG was 0 75. Thus, in contrast to the
results of previous studies, most EEGs of
patients with recent lacunar infarction
show rather specific abnormalities.
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Lacunar infarcts are small ischaemic lesions in
the deep regions of the brain, caused by an
occlusion of a small perforating artery.' Fisher
described the correlation between the different
clinical syndromes and the anatomico-patho-
logical features of these lesions more than
twenty years ago.'-' As long as these lesions
could be confirmed only at necropsy, an elec-
troencephalogram (EEG) without specific
abnormalities, in the presence of more or less
specific clinical features, was considered
obligatory for the diagnosis of a lacunar infarc-
tion."7 However, when brain imaging tech-
niques such as CT and later MRI became
available and these small ischaemic lesions
could be visualised during life, large series were
published about the relationship between clin-
ical features and CT scanning in patients with
lacunar infarcts."'2 As the EEG was no longer
mandatory for the diagnosis of lacunar infarc-
tion, only a few studies about this application
were published afterwards,'1'9 all showing nor-
mal or non-specific results. No attention was
given, however, to subtle asymmetries in alpha
and mu rhythms, nor to the increased possi-
bilities of detecting small EEG abnormalities
by computer analysis in patients with minor
ischaemic lesions.2>24

In several clinical series and review articles
about lacunar infarcts, the EEG is therefore
still considered to be normal or non-specifically
abnormal.'913-923-4 This study was done to
assess the EEGs of patients with recent clinical

and CT scan evidence of a lacunar infarct both
visually and with the aid of spectral analysis,
and to compare the results with those in
patients with cortical infarcts and in normal
controls.

Patients and methods
Three different groups of patients, aged be-
tween 39-85 years, were studied, each consist-
ing of 12 patients. The first group, mean age 67
years, consisted of patients with recent clinical
evidence of a lacunar syndrome, according to
the criteria described by Bamford.35 Pure
motor hemiparesis was diagnosed in seven
patients, sensorimotor stroke (combined motor
and sensory deficit on clinical testing) in three
patients, and ataxic hemiparesis (pyramidal as
well as cerebellar signs on the same side) in two
patients. The patients showed no evidence of
cortical dysfunction, visual field defect or
clinical features of brain stem deficit. In all 12
patients, CT scans showed an appropriate
lacunar infarct in the internal capsule, basal
ganglia or corona radiata, without other abnor-
malities (Fig 1). The second group, mean age
67 years, included patients with recent clinical
and radiological features of a cortical infarct.
Patients with lacunar or cortical infarcts had
shown clinical features for at least 24 hours.

Figure 1 CT scan of a 66 year old woman who suffered
from a right-sided pure motor hemiparesis one week
before. A lacunar infarct in the left corona radiata is
visible.
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Figure 2 (a) EEG
recording of the same
patient as Figure 1, three
days after onset of the
neurological deficit. An
abundant mu rhythm in
the left central region
(C3) is visible.

Figure 2 (b) Power
spectrum of the F,-C, and
F2,-C4 derivations of the
same EEG as Figure 2(a),
showing the asymmetry of
the mu rhythm in eyes
closed as well as eyes
opened condition. On the
left side (F3-C3, solid line)
the power of the mu
rhythm is much larger
than that of the right side
(F4-C4, dotted line). Note
the preponderance of the
lower mu frequencies.
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Table 1 Results ofEEG assessment CTscanfindings

CT Scan

EEG- Lacunar Cortical
assessment infarct infarct Normal Total

Lacunar infarct 10 2 2 14
Cortical infarct 10 10
Normal 2 10 12
Total 12 12 12 36

None of them had previously suffered from a

stroke. The third group (controls), mean age 60
years, were patients without a history or clinical
signs of cerebrovascular disease, and with nor-

mal CT scans. All patients were selected irre-
spective of the use of medications or of the
technical quality of the recordings.

All EEGs were recorded within 10 days of
the onset of the clinical feature, on 16 or 21
channel instruments with the use of 10-20
system of electrode placement. Both bipolar
and referential montages were used. Spectral
analysis was performed on four pairs of
homologous derivations in the eyes closed as

well as the eyes open condition. Statistically
significant left-right asymmetries in the spectra
and spectral peaks of alpha and mu rhythm,
together with their - 3 dB values, were presen-
ted automatically.22 All EEGs were visually
assessed by one observer (ACvH), who knew
the structure of the study, but who had no

information about the clinical features or the
CT findings in individual patients. The
presence of unilateral slow activity locally or

more diffusely together with an ipsilateral

decrease of the alpha rhythm was a reason for
diagnosing cortical infarcts. A lacunar infarct
was established on the basis of the absence of
such slow activity and the presence of asym-
metries of the alpha rhythm (including
frequency, amplitude, prevalence, localisation,
spreading or reactivity to opening of the eyes)
and/or asymmetries of the mu-rhythm (includ-
ing frequency, amplitude, prevalence, localisa-
tion or reactivity to somatosensory stimulation)
(Fig 2a, b). The EEG results were summarised
on standard forms. The conclusion as to which
of the three groups the EEG belonged to,
including the side of the lesion, was made
twice: first after the conventional EEG had
been judged and again after the spectral
analysis had been taken into account.

Results
Visual EEG assessment alone led to the correct
diagnosis and to the correct side of the lesion in
eight of the 12 patients with lacunar infarcts.
After assessing both the conventional and
quantitative EEG this figure rose to 10 ofthe 12
patients (table 1). The EEG recordings in two
patients with lacunar infarcts were wrongly
judged as normal (sensitivity 0-8; 95% con-

fidence limits 0 5-1). Conversely, the EEGs of
two patients with cortical infarcts and of two
patients in the control group were misjudged as

belonging to the group of patients with lacunar
infarcts (specificity 0 8; 95% confidence limits
0 5-1). In each group 10 EEGs were assessed
correctly. As a result the positive predictive
value of the EEG in detecting lacunar infarcts

Table 2 EEGfindings and interpretations of two different groups ofpatients with clinical and CT scan evidence of
lacunar or cortical infarcts. ( + = present, - = absent, 1 = lacunar infarct, c = cortical infarct, n = normal)

Clinical and Patients
CT scan
diagnosis EEG 1 2 3 4 5 6 7 8 9 10 11 12

Lacunar Days between onset of stroke and recording 6 3 5 10 9 4 3 4 3 4 5 4
infarct Asymmetric delta activity - - - - - - - - - - - -

Asymmetricalpharhythm - + + + + + + +
Asymmetricmu rhythm + + + - + + + + + +
Interpretation n n 1 1 1 1 1 1 1 1 1 1

Cortical Days between onset of stroke and recording 2 1 4 4 3 2 3 4 2 2 3 5
infarct Asymmetric delta activity - - + + + + + + + + + +

Asymmetric alpha rhythm - + + + + + + + + + + +
Asymmetric mu rhythm + + + + +
Interpretation 1 I c c c c c c c c c c
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was 0-7 (95% confidence limits 0A4-0-9). In
view of the patient selections, one out of three
EEG diagnoses might be correct on the basis of
chance alone. If these effects were taken into
account by means of the coefficient kappa, the
agreement between CT and EEG was 075
(maximal agreement is 1 0). The decisive EEG
findings in patients with lacunar and cortical
infarcts are summarised in table 2. The timing
of the EEG recording did not influence the
results: the EEGs that were misclassified were
not recorded later, within the study period of
10 days, than the others (table 2). We did not
find a relationship between the EEG findings
and the precise location of the lacunar infarct
on the CT scan in the basal ganglia, internal
capsule or corona radiata.

Discussion
Lacunar infarcts, if at all symptomatic, usually
cause typical clinical features known as lacunar
syndromes.36 Nevertheless, lacunar syndromes
may occasionally be caused by lesions other
than lacunar infarcts5 8 1011 25-28 35 and confirma-
tion by ancillary studies is often important.
This study clearly demonstrates that

lacunar infarcts can give rise to subtle
EEG abnormalities, in contrast to previous
studies."9 13-19 25-34 The EEG is reasonably
specific and sensitive in diagnosing lacunar
infarcts, although the 95% confidence limits
are wide because of the small number of
patients studied. The positive predictive value
of the EEG diagnosis "lacunar infarction" in
this group of patients was 0 7 (95% confidence
limits: 0 4-0 9), and if the a priori probability is
taken as 0 3 (not excluding the clinical features)
the diagnostic gain is 0-4.
Asymmetries in the alpha and especially in

the mu rhythm are important in diagnosing
lacunar infarcts, whereas focal slow abnor-
malities that were the main focus of attention in
previous studies,4 1319 were lacking. Most
lacunar infarcts could be identified after visual
assessment of the EEG. However, computer
analysis increased the sensitivity because minor
asymmetries in the alpha and mu rhythms that
escaped visual assessment could also be
demonstrated. The use of medication, the age
of the patients and the quality of the EEG
recording play a prominent role in determining
whether EEG abnormalities can be correctly
identified,2224 but from a pragmatic point of
view we did not select our patients according to
these factors. The time interval between the
onset of the clinical features and investigations
is another important factor, as most abnor-
malities on the EEG are found immediately
after the onset of the clinical features,20 22-24
whereas CT scans are usually normal during
the first few days.3738 It is therefore likely that
electroencephalography confirms a lacunar
infarct at an earlier stage than the CT scan.
Lacunar infarcts cannot be verified with CT in
about one third of clinically suspected
cases."1 122835 As our patients all had an
appropriate lacunar infarct on the CT scan, we
can only speculate on the value of the EEG in

patients with lacunar stroke and normal CT
scans.

Finally, we wish to stress that CT scanning
or magnetic resonance imaging remain the
preferred diagnostic methods if confirmation is
necessary in patients with lacunar sydromes.
The EEG, however, may be helpful in some
cases where scanning facilities are not available.
Further studies are needed to establish the
value of the EEG in patients with lacunar
stroke and normal CT scans.
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