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The EEG in Alzheimer type dementia: 
lack of progression with 

sequential studies 
A.D. Rae-Grant, W.T. Blume, K. Lau, M. Fisman, V. Hachinski and H. Merskey 

ABSTRACT: Our findings dispel the commonly held belief that the EEG always worsens progressively in dementia 
of the Alzheimer's type. In a continuing cohort analytical study of dementia, 139 patients with Alzheimer's disease 
and 148 controls were studied for EEG abnormalities and progression. EEGs were read without knowledge of the 
previous EEGs or clinical condition, and classified according to the presence of diffuse delta or theta, bisynchronous 
spikes, projected activity, and focal activity. EEGs were significantly different in the two groups. EEG scores 
generally worsened over 1-4 years, but most of the subjects showed no alteration in their EEG scores. A few patients 
with Alzheimer's disease showed improvement of EEG findings. 

RESUME: L'EEG dans la demence de type Alzheimer: ('absence de progression lors d'etudes slquentielles. Nos 
observations 6cartent une opinion courante que l'EEG s'aggrave toujours progressivement dans la demence de type 
Alzheimer. Nous avons etudie l'EEG de 139 patients et de 148 temoins pour detecter les anomalies et leur progression 
a l'int6rieur d'une etude longitudinale par la tnethode analytique de cohorte sur la demence. Les EEG etaient lus dans 
l'ignorance des EEG anterieurs et de l'etat clinique du patient et classifies selon la presence ou l'absence d'ondes 
delta ou theta, de pics bisynchrones, d'activite projetee et d'activite focale. Les EEG etaient significativement 
diffeYents dans les deux groupes. Les resultats des EEG s'aggravaient en general sur une periode de 1 a 4 ans, mais 
chez la plupart des sujets, il n'y avaient pas d'alterations dans les resultats de leurs EEG. Chez quelques patients 
atteints de maladie d'Alzheimer, il y eut amelioration des constatations electroencephalographiques. 
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Many studies of the EEG in Alzheimer's disease have been 
reported in the literature, but only recently has emphasis shifted 
to studies which assess longitudinal changes in this disorder.1"8 

As well, changes in the understanding of this disease have made 
old studies using outdated diagnostic criteria difficult to corre
late with more recent data.9"" 

Previous reports have emphasized the tendency of abnormali
ties to worsen in the EEG of Alzheimer's disease, with a 
progressive increase in theta and delta activity, and with loss of 
faster rhythms. However, most of the reports have extrapo
lated from groups of patients tested at one time.7'812"15 The 
few reports with repeated testing date from the 1960's, and a 
number of these patients stayed the same in their EEG pattern 
or improved.5,716 Only a very recent study2 has shown, with 
power spectral analysis, that their patients slowed in overall 
background rhythm over I and 2.5 years. However, the authors 
did not report whether a subgroup of their patients stabilized or 
improved during this follow-up. 

METHODS 

This report is part of the work of the Dementia Study Group 
at the University of Western Ontario. Patients are referred to 
the group with an initial diagnosis of dementia, and diagnosed 
by a neurological examination (V.H.). A cohort of age matched 
controls are also studied. We, and others, have found that 
Alzheimer's disease was present in 28 of 31 patients with this 
clinical diagnosis in whom autopsy results were obtained (Wade, 
et al, unpublished data). EEGs are performed on a yearly basis 
by two electroencephalographers (W.T. Blume and R.S. 
McLachlan). Informed consent is obtained from all participants. 
Sixteen channel awake EEGs are performed using collidion-
applied electrodes according to the Ten Twenty System for a 
minimum of 30 minutes. EEGs are read knowing the age but the 
electroencephalographer is unaware of the clinical condition 
and of results of any previous EEGs. 

The EEGs are classified as follows: 0) uninterpretable because 
of excessive artifact from impaired patient cooperation, I) Nor-
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Table 1: Sequential EEG data in Patients and Controls, including presence of focal abnormalities and triphasic waves 

Patients (n = 139) 

First EEG (n= 139) 
Second EEG (n = 86) 
Third EEG (n = 33) 
Fourth EEG (n= 10) 

Controls (n = 148) 
First EEG (n= 148) 
Second EEG (n= 101) 
Third EEG (n = 24) 
Fourth EEG(n=l) 

Patients vs. Controls, 
First EEG (n = 287) 
Second EEG (n = 219) 
Third EEG (n = 64) 

Grade 1 

27 
9 
3 
1 

Grade 1 

112 
67 
18 

1 

Grade 2 

43 
20 

6 
2 

Grade 2 

27 
23 

2 
0 

Grade 3 

31 
24 

7 
2 

Grade 3 

8 
11 
4 
0 

Grade 4 

38 
33 
17 
5 

Grade 4 

0 
0 
0 
0 

Focal 

19 
12 
3 
0 

Focal 

19 
13 

1 
0 

Triphasic 

5 
7 
3 
0 

Triphasic 

0 
0 
0 
0 

chi square = 107, p<0.0001 
chi square = 84.7, p<0.0001 
chi square = 30.3, p<0.0001 

Table 2: EEG data comparing first and second, first and third, and first and fourth sequential EEGs in patients and controls 

Patients 

EEG l-EEG2(n = 86) 

EEG l-EEG3(n = 33) 

EEG 1 -EEG4(n=10) 

Controls 
EEG l-EEG2(n=10I) 
EEG l-EEG3(n = 24) 

Grade Change in EEG (Initial grade - Second grade') 

- 3 

2 

2 

2 

0 

0 

Worsening 

- 2 

12 

3 

2 

2 

0 

- 1 

22 

9 

1 

12 

3 

Same 

0 

40 

16 

J 

81 

21 

1 

6 

2 

1 

6 

0 

Improving 

2 

3 

0 

1 

0 

0 

3 

1 

1 

0 

0 

0 

Patients: 
First versus Second EEG 
First versus Third EEG 

Controls: 
First versus Second EEG 
First versus Third EEG 

Correlation of First and Second, Third EEG in Subjects: 
Pearson 

Coefficients 

0.49 
0.43 

0.73 
0.90 

p Value 

p<0.001 
p<0.007 

p<0.001 
p<0.001 

'Negative scores indicate a worsening of EEG grade, 0 indicates no change, and positive scores indicate improving EEG. 

mal for age, 2) Mild but definite excessive theta and/or bitemp
oral spikes, 3) Moderate excess theta diffusely and/or bursts of 
bisynchronous, diffuse rhythmic 2-3 hertz waves, 4) One or 
more of: persistent diffuse delta, bisynchronous spikes or sharp 
waves, and triphasic waves, 5) Focal abnormalities. Pertinent 
statistical analysis was obtained using the Statistical Package 
for the Social Sciences.17 

RESULTS 

139 patients with Alzheimer's disease and 148 controls were 
studied for this analysis. 53 patients had one EEG study only, 
53 had two studies, 23 had 3 studies, and 10 had 4 or more. 
Among the controls, 47 had one study, 77 had two, 23 had 
three, and 1 control had four EEGs. 

On a qualitative basis, the EEG findings were similar to those 
in many previous studies; there were numerous examples of 
slowing of the background rhythm (theta, delta activity), 
superimposition of focal abnormalities, spikes, sharp waves, 
asymetries, and triphasic waves. 

In the first three EEG studies the patients' EEGs were signifi
cantly more abnormal than the controls'(Table 1). Inthefourth, 
due to small numbers, statistical evaluation was omitted. As in 
other studies, however, there was some overlap between the 
patient and control EEG results. Thus, 39 of the patients' 268 
studies were normal (14%), and 75 of 274 control studies (27%) 
were mildly to moderately abnormal. Focal abnormalities for 
age appeared in first EEGs of 13% and 14% of patients and 
controls, respectively. Triphasic waves were found only in the 
patients (15 of 268 EEG studies, 5.6%), and were always associ-
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ated with other severe disturbances such as delta grade one to 
three, and/or bisynchronous spikes or sharp waves. Excessive 
delta activity (Grade 4) was never found in the control group. 

We compared the first EEG done in each patient and control 
with the second, third, and fourth EEG (Table 2). In both the 
patient and control group, there was a tendency for the EEG 
scores to worsen from the first to the second, third and fourth 
study. However, there was an even greater tendency for the 
studies to remain the same. Indeed, a small percentage of the 
dementia patients' EEGs showed improvement (12% improv
ing from initial to final study) and in 3 patients this was apparent 
over a 4 year follow-up period. The EEGs did not, therefore, 
show a monotonous progression to slower and more malignant 
rhythms, but varied in progression and pattern. In both the 
controls and the patients, the first EEG correlated strongly 
with the second EEG and third EEG performed in each subject, 
emphasizing the overall stability of the EEG pattern (Table 2). 

These results suggest that the EEG, at least over this length 
of follow-up, may improve, stay the same or worsen; indeed 
more than half of our patients did not show a trend towards 
worsening during the study period. We feel that further study 
with longer follow-up, and attention to subgroups defined by 
EEG progression is needed in this area. 
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