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INTRODUCTION

THE association ofabnormal low frequency rhythms in the EEG with intellectual
deterioration in old age has now often been described, but there has been no
clear indication of a quantitative correlation between the degree of abnormality
of the EEG and the severity of the deterioration. The present paper describes
an attempt to explore the possibility of the existence of such a quantitative
correlation.

METhOD
Case Selection

There are many disorders in old age which are accompanied by intellectual
impairment, and many of these disorders affect the EEG. It was considered
essential, therefore, to adhere to a rigid case selection. Only cases showing a
simple deterioration affecting all accessible aspects of the personality were
investigated. A typical case would be that of an individual of over 70 with a
history of mental illness starting at or after the age of 65 years, subsequently
showing gradually progressive disintegration of the intellect and personality
of such degree that he was no longer able to deal satisfactorily with his life
situation: whose physical state was deteriorating although there was no sign
of focal, neurological or gross cardiac or renal failure or conspicuous disease
in any system; and who showed some degree of impairment of memory,
orientation, insight, intellectual ability and social adaptation and behaviour.
We decided to reject, for example, cases showing presbyophrenic features, i.e.
those in whom there was a striking discrepancy between a reasonably well
preserved social faÃ§adeand a severe degree of intellectual impairment; hemi
plegias, dysphasias and epilepsies; cases with a suspicion of psychotic illness
other than that of simple senile deterioration, for example the depressions,
paranoid states and the presenile dementias; and major endocrine disease such
as diabetes mellitus or subthyroidism. As far as was possible we sought to
restrict the group to cases in which the significant variable was the degree of
deterioration in ability to adapt to the environment. It is to be noted that in
preliminary studies it was not found possible to distinguish, by means of the
pattern of the disability, between senile and arteriosclerotic forms of intellectual
deterioration. We do not here take any sides in the question of whether or not
the distinction is a valid one. If it is so our series is presumably loaded in the
direction of a preponderance of the senile type, since we had resolved to exclude
cases showing evidence of focal neurological disorder; otherwise our use of the
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expression â€œ¿�senileintellectual deteriorationâ€• is not, in this paper, to be taken
as implying an exclusion of the arteriosclerotic type.

Clinical Evaluation

A preliminary report on a smaller group than that here studied has been
published (Robinson, 1954) and those apsects of the clinical examination to
which attention is paid in reaching a numerical evaluation have been fully
described. The following is a list of those items, with brief notes on some. In
the first group below, for each item to which a good response was obtained,
a mark was awarded. There were of course many occasions on which partial
or imperfect responses were given and scoring by half marks was used.

1. Temporal orientation was considered in orthodox fashion by asking
the date, month and year.

2. Estimate of the patient's own age.
3. Duration of stay in hospital gave indication of recent memory.
4. Remote memory required place and date of birth, and school.
5. Status involved at least an appreciation that he was in â€œ¿�aplace for

looking after folksâ€•.
6. Appreciation of Interview Situation gave an indication of insight, as did

in a different sense
7. Appreciation of failing faculties.
8. Rapport.
9. Attention.
10. Concentration.
11. Knowledge of current affairs. Local sporting news was accepted.
12. Serial subtraction of sevens from a hundred.
13. Pennies in a shilling.
14. Threepennies in a shilling.
15. Threepennies in three and ninepence.
16. Activity and productivity had to be purposeful: not just aimless

restlessness.
17. Habits as to feeding, toilet, sphincter control.
Each of the following four, if present, lost him a mark from the above

score.
18. Confabulation.
19. Emotionallability.

20. Confusion under stress (e.g. of the interview).
21. Misidentification of relatives or of the regular ward staff.
Much of the above had to be discussed and verified with the nurses: in

particular 16, 17, 18, 19 and 21.

EEG Evaluation
Standard recordings were made with an Ediswan 8-channel instrument,

using an alpha band-pass filter (Morris and Dawe, 1953) in order to obtain a
clear picture of the alpha rhythm. The microvoltage of the alpha was used as a
standard by which to assess the relative amount of low-frequency activity in
the record.

The records were placed in a linear order of increasing abnormality,
based on a visual assessment. It was not difficult to place records in categories
of slightly, moderately and severely abnormal: and within these categories to
rank them. In general the amount of low frequency activity was the principal
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consideration, but various other features such as abnormal microvoltages and
abnormal wave forms, slowed alpha or poly-rhythmic alpha and so on, were
also considered when they were observed. An attempt was made also to obtain
a numerical value for the amount of low frequency activity. The indices of
theta and of delta activity (i.e. the sum of the duration of each theta or delta
wave in a given space of time, recorded as a percentage) were obtained by direct
visual measurement from several thirty-second epochs in each record. The
average microvoltage of these waves in one thirty-second epoch was assessed,
again by direct measurement. These measurements were relatively easy to make
in the more abnormal records but were laborious and doubtful when there
was a large amount of alpha and faster rhythms present, and especially when
these were in higher microvoltage than the low frequency waves and super
imposed on them. The band-pass filter made the measurement of the micro
voltage of the alpha ryhthms a simple matter.

From these measurements an index of the energy output of low frequency
activity was obtained thus:

theta microvoltage . delta microvoltage
--@ . x theta index + . x delta index

alpha microvoltage alpha microvoltage

In the majority of cases the abnormalities were widely distributed over the
hemispheres. In three cases they were sharply localized in the temporal areas.
Arbitrarily these were assessed as if they had been generalized.

General
The EEG's were studied by one of us (W.McA.) in complete ignorance of

the case, the records being taken by a recordist who stored them and delivered
them in batches with no other information about the patient than a name. The
clinical study was made similarly by the other (R.A.R.) without knowledge of
the EEG which was neither shown to him nor reported on until some months
after the clinical evaluation had been recorded.

RESULTS

The table shows the measurements of alpha, theta and delta rhythms from
which the index of low frequency activity is derived; the age, and the clinical
score. The order in the table is that of the rank order of increasing abnormality
of the EEG by visual assessment. It is divided between 15 and 16 and between
31 and 32 into slightly, moderately and severely abnormal from the point of
view of the EEG.

No significant difference between these three groups was found in respect
of ageâ€”8l .93, 82@38and 79@O5years respectivelyâ€”using Student's t test.

Figure 1 is a scatter diagram which shows a trend of conformity between
the rank order of the EEG by visual impression and the clinical scoreâ€”the
worse the EEG the lower the clinical score. The coefficient of ranked correlation

@79(P 0 @00l)which is significant at the 0.1 per cent. level of confidence.
Figure 2 shows the relationship between the index of low frequency activity

and the clinical score. Again there is conformity: the more low frequency
activity there is, the lower the clinical score. Assuming a linear regression, the
product-moment correlation =0 @65(P 0 @00l)significant at the 0@l per cent.
level. In order to show this correlation on a graph, the square root of the index
of low frequency activity was taken. Without taking the square root, the
significance works out slightly higher.
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Slight EEGAbnormality:1164831110â€”20â€”4@22144711120â€”16â€”5@4397920171212tr.3.34164812514â€”12â€”2@656480352520873@26148840171020123.37128212201020tr.6@189812720208164@29118255404025205@7103855025â€”15â€”2@7119852515â€”203â€¢512

13134 3@82 8925 4725 4525 4011 16fl 134.75@214,68325252525166@415107830202050207@0

40 25 80 10 60 11@0
17 25 20 80 35 12@7
20 35 30 33 18 8@6
20 20 15 15 10 4@1
17 15 15 16 4 4.4
25 20 15 35 15 l6@1
22 25 15 25 14 5@7
45 30 25 16 16 7@2
40 35 70 33 15 7@5
45 30 â€˜¿�30 18 40 6@4
25 25 25 16 16 5.7
50 45 45 16 13 5@2
30 30 35 18 30 7@3
30 30 25 22 22 6@3
25 25 45 16 46 8@9
40 40 40 65 50 10@7

20 20 40 20 50
20 20 55 20 66
12 17 20 40 100
25 30 40 70 50
12 20 40 80 60
40 45 50 22 32
15 35 50 90 35
15 20 50 10 100
20 30 25 50 80
20 30 20 60 20
45 45 40 18 30
20 30 30 60 22
15 30 50 90 60
30 40 30 100 80
20 40 100 70 40
30 25 40 80 100
30 30 40 80 100
tr. 30 40 80 100
tr. 30 40 80 100

11@4
14@2
15@9
12@8
18@3
8@1

17@8
l8@4
13@2
10â€¢5
6@7

11â€¢0
19@2
14@5
18@4
14@3
14@8
22â€¢4
22@4

uo c8

0

Moderate EEG Abnormality:
16 134 85
17 74 77
18 34 74
19 4 93
20 24 70
21 8 88
22 4 82
23 54 87
24 104 82
25 64 79
26 8 83
27 9 79
28 2 84
29 54 85
30 â€”¿�14 82
31 94 88

Severe EEG Abnormality:
32 2 78
33 â€”¿�1 65
34 0 91
35 0 85
36 0 80
37 1 80
38 â€”¿�1 75
39 â€”¿�3 75
40 1 85
41 4 84
42 0 77
43 2 74
44 0 86
45 0 77
46 0 85
47 54 75
48 â€”¿�2 72
49 â€”¿�2 82
50 0 76

Mean@V.
@ â€”¿� â€”¿�

a 0 3
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In view of the fact that a greater number of variables was considered in
the ranking by visual impression, the higher value for this correlation is not
surprising.

DiscussioN

In an earlier paper from this department (McAdam and McClatchey,
1952) there was reported a high incidence of abnormal low frequency activity
in the EEG's of cases of senile and arteriosclerotic dementia but no correlation
was observed between the amount of abnormality and the depth of intellectual
deterioration. In papers published subsequently, observations have been made
which suggest more or less strongly that there is such a correlation. Luce and
Rothschild (1953) divided a large group of psychiatric patients over 65 into four
categories according to the degree of disability, and found that the proportion
of abnormal to normal records was higher, the more severe the disability.
Mundy-Castle et al. (1954) confirmed that diffuse theta or theta and delta
rhythms were characteristic of the senile psychoses ; found little clear relation
ship between type of abnormality and degree of dementia ; but noted like Luce
and Rothschild that diffuse theta and delta rhythms were found most often in
the most severe grade of dementia ; Silverman et al. (1955) observed that elderly
subjects who continued to work and appeared to have higher intellectual
capacity and fewer signs of deterioration had EEG's which indicated that their
brains were functioning in a manner more closely â€œ¿�physiologicallyresembling
records of younger peopleâ€•.

McAdam and McClatchey, commenting on the lack of correlation between
amount of abnormality and severity of dementia, suggested that poor case
selection might have been a factor. In the study described in the present paper,
very great importance was attached to achieving as nearly as possible a uni
formity of type among our cases. In McAdam and McClatchey's series there
were many cases of advanced chronic schizophrenia : in that of Mundy-Castle
and his associates, more than half the cases were of other than simple senile
deterioration and included presbyophrenic forms, presenile deterioration,
delirious states, depressions, and others. Silverman and his col1e@aguesincluded
cases of â€œ¿�functionalâ€•psychiatric illness and neurological illness such as stroke
and tumour. Luce and Rothschild included psychosis with organic disease of
the nervous system, alcoholic, â€œ¿�functionalâ€•and other conditions. We do not
consider therefore that the much less direct, and lower correlations found in the
extensive surveys of these authors in any way invalidate our own findings.

We have not in this paper considered the significance of different types of
abnormality, e.g. the significance of slowed alpha as compared with an intrusion
of theta.

The method of assessing the degree of deterioration may be worthy of
comment. Luce and Rothschild considered that stream of talk, lack of memory,
and disorientation were the most consistent indicators of mental impairment.
We were unable to devise any numerical rating on these points that could be
duplicated consistently in order to be capable of being criticized statistically.
And we were unable to use orthodox methods of assessing organic deterioration,
as by comparing scores on eductive tests with vocabulary scales (Raven, 1947,
1948) mainly because our worst cases were beyond the reach of such testing;
also because even the simpler tests in the Progressive Matrices, for example,
often cause agitation which vitiates further study: and because there is serious
doubt as to the validity of vocabulary assessments of pre-deterioration capacity
(Orme, 1955). The scoring that was used in the present paper is substantially a
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rationalization of a clinical impression, so defined and formulated as to be
capable of being submitted to criticism. We believe that clinical experience
formulated ad hoc for studies of this kind is capable of giving valid information
which is beyond the reach of the precision tools of standardized academic
psychological tests.

Suw@i@

Fifty cases of senile intellectual deterioration were studied.
Rating scales were devised for recording the amount of abnormality in the EEG and the

degree of deterioration observed clinically.
A trend of conformity was demonstrated between the clinical and the EEG assessments.
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