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Foreword

Society is showing increasing concern for disorders related to aging that
lead to a loss of brain function. In view of the enormous proportion of
elderly people in our society today, brain aging is more than ever subject
to challenge to us all, not only politicians and health authorities, but
every individual who is confronted with the difficult situation of
watching the mental powers of apparently healthy elderly friends,
neighbours, or relatives fail, often with alarming rapidity. This challenge
is directed especially toward us scientists. As one of our colleagues
succinctly put it 2 years ago at the close of our First International
Symposium on Brain Aging: “Do something. We are not dealing here
with just another disease; we are concerned with human dignity.”

More than any statistics, these words convinced me that Tropon’s
decision to leave the field of classic CNS pharmacology and move into
the field of gerontopsychopharmacology was the right one, even though
we knew that success would be uncertain and that, even if it finally comes
it will be many years hence.

At this point, let me add a personal comment: each one of us is judged
by his or her own success. We live in a competitive society where success
counts. This applies not only to the businessman, but also to the scientist,
in particular, to those in industry. Considering this pressure, can we
expect a young generation of scientists to devote themselves to long-
term projects such as the investigation of brain aging? My answer is
“yes.” In spite of the fact that we can expect to obtain meaningful
results only after years of investigation or, perhaps, not at all, it is my
belief that the rewards of such a large-scale investment will be pro-
portional to the input.

The International Tropon-Bayer Symposia on Aging of the Brain are
meant to encourage and support neuroscientists in their efforts to
understand the physiologic and pathologic aspects of brain aging.
They are not intended as exclusive gatherings, but are open to all
who can in any way contribute to the subject. They are a vehicle for
the significant, informal exchange of ideas between clinicians and
nonclinicians and between investigators at universities and research
institutes and those in industry.

Various people have asked me why we organized a second workshop
after only 2 years, considering the long-term scale of research I
mentioned above. In response, I would like to point out that, in the
meantime, we have worked hard to check the validity of various models.
We have tested, rejected, and started again, and in the process, tried



VI Foreword

completely new approaches. Certainly in the last 2 years, the vast
complexity of the pathology underlying abnormal brain aging as well as
applications of drug research to gerontological health problems have
become increasingly apparent. Hence, it was decided to arrange a
meeting on three important, well-defined topics, including the early
diagnosis of senile dementia of the Alzheimer type, new insights into the
pathology of the aged brain, and animal models in the study of normal
and abnormal brain aging.

It is my hope that the discussion of these topics will be instrumental
in advancing our knowledge of the brain in normal aging and the
malfunctions characterizing the diseased elderly brain.

September, 1985 HARALD HORSTMANN, Cologne



Preface

This volume contains the proceedings of the Second International
Tropon-Bayer Symposium on Aging of the Brain, held in Cologne in
November 1984.

The program focuses on three topics, the first of which concerns the
early diagnosis of senile dementia, especially of the Alzheimer type
(SDAT). We would like to thank Dr. Jellemer Jolles for aiding us in
organizing this part of the program. Contributions to this subject include
the description of clinical phases of senile dementia, the relevance of
neuropsychological tests for early diagnosis, and the application of PET
and NMR scanning in the diagnosis of diseases related to abnormal
brain aging.

The second topic deals with recent developments in the neuro-
pathology of the aged and diseased human brain. The presentations in
this area are concerned with both the quantitation of cellular changes
occurring in the brain during normal aging and the role of specific
neurotransmitters, amino acids, and brain structures in the patho-
genesis of SDAT.

The last topic covers the selection and assessment of animal models
of “normal” and ““abnormal’ aging of the human nervous system. These
studies describe novel approaches to the study of brain acetyicholine in
relation to brain function and assess the usefulness of senescent monkeys
and rats in studies of behavioral aspects of brain aging.

A special interest lecture presented by Prof. Stanley Appel of the
University of Houston highlights the relevance of trophic factors and
neural plasticity to the process of brain aging.

The quality of the presentations was superb and provoked lively
discussions on such issues as the cortical as opposed to the subcortical
origin of abnormalities in Alzheimer’s disease, patient classification, and
cultural aspects affecting diagnosis.

We are grateful both to the participants of the symposium and to Dr.
Thiekotter of Springer-Verlag for timely publication of the proceedings
of this exciting meeting.

We would like to take this opportunity to give special thanks to
Mrs. A. Bartz for her skillful and efficient help in organizing this meeting.
Furthermore, we are grateful to Mr. H. Demmer and Mr. W. Dreher for
their technical assistance during the symposium. Last but not least, we
acknowledge Prof. F. Hoffmeister (Bayer) and Dr. H. Horstmann
(Tropon) for their valuable comments concerning the program and
format of the meeting and Dr. M. Hebler (Tropon) for making it possible
to organize this symposium.
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We hope that the proceedings will inform the reader about important
issues of current research on brain aging and serve as a basis for the
design of new experimental or theoretical approaches to understanding
the pathogenesis of senile dementia.

September, 1985 JORG TRABER
WILLEM HENDRIK GISPEN
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Early Diagnosis of Senile Dementia
of the Alzheimer Type
I. Behavioral and Clinical Aspects



Cognitive Function in Normal Aging
and Early Dementia

C. FLicker, S. H. Ferris!, T. Crook?2, R.T. BarTUs?, and B. REISBERG!

Both normal aging and senile dementia are associated with a broad array of
changes in cognitive function. The objective of this review is to identify and illus-
trate the most salient features of these changing psychological profiles. Table 1
is a summary of the effects of normal aging and mild to moderate senile dementia
upon a variety of psychometric tests, with the test measures assigned to different
theoretical categories of cognitive function. The utility of this approach is limited
by a number of factors. First, the diffuse nature of the cognitive decline associated
with aging and dementia makes it difficult to identify discrete cognitive abilities
which are selectively impaired or intact. This problem is greatly magnified in the
more advanced stages of senile dementia, where the global nature of the cognitive
deterioration makes discrimination between affected and unaffected cognitive
processes almost impossible. Virtually any cognitive test will elicit a significant
performance decrement in severely demented as opposed to mildly demented sub-
jects. The former subject group is not, therefore, included in Table 1 and this re-
view will be restricted to studies of patients in only the early stages of senile de-
mentia. A second problem with this approach is the relative lack of specificity of
the psychometric tests. Since individual test results are normally dependent upon
multiple cognitive abilities, it is difficult to attribute a lowered test score solely to
a deficit in a particular cognitive function. Finally, the validity of the separate cat-
egories of cognitive function as theoretical psychological constructs has also not
been adequately established.

Nonetheless, this organization of an extensive body of experimental data re-
veals consistent patterns of change due to aging or dementia in distinct groups
of psychometric tests. To the extent that this perspective accurately reflects our
current level of resolution in the delineation of the cognitive profiles of the normal
elderly and the mildly demented, the conclusions reached will be of heuristic
value.

Normal Aging
Psychomotor Performance

A critical change in cognitive function distinguishing the elderly from the young
is a general decay in psychomotor integrity. Deficits are apparent at multiple sen-

1 Department of Psychiatry, New York University Medical Center, 550 First Avenue, New
York, NY 10016, USA

2 Center for Study of Mental Health of the Aging, National Institute of Mental Health, 5600
Fishers Lane, Rockville, MD 20857, USA

3 Department of CNS Research, Medical Research Division of American Cyanamid Company,
Lederle Laboratories, Pearl River, NY 10965, USA

Senile Dementia of the Alzheimer Type
Ed. by J. Traber and W. H. Gispen
© Springer-Verlag Berlin Heidelberg 1985
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6 C. Flicker et al.

sorimotor processing levels. There is a loss of sensory acuity in all modalities in-
cluding visual (Fozard et al. 1977), auditory (Corso 1977), somatosensory (Ken-
shalo 1977), gustatory and olfactory (Engen 1977). There is a 10% decrease in pe-
ripheral nerve conduction speed for the motor impulse (Norris et al. 1953; Wag-
man and Lesse 1952), but not for incoming sensory impulses. The latencies of sen-
sory evoked potentials are increased in the elderly (Goodin et al. 1978; Michalew-
ski et al. 1980). It is the late components of these evoked potentials which are pro-
longed, again suggestive of normal propagation of the sensory impulse in the
small-fibered sensory pathways, followed by delays in central synaptic trans-
mission or other aspects of the complex processing of the sensory input. Event-
related components of the evoked potential dependent upon higher-level pro-
cessing of the sensory stimulus, such as the P300, also exhibit prolonged latencies
and decreased amplitudes in the elderly (Goodin et al. 1978; Pfefferbaum et al.
1982). These changes are reflected at the behavioral level in their performance of
even the simplest psychomotor tasks, as in decreased finger tapping speeds, de-
creased rates of ballistic movement, and increased reaction times (Ferris et al.
1976; Welford 1977); see Fig. 1.

This diminution of sensorimotor processing speed and efficiency in the elderly
can account, at least in part, for many of the decrements observed on tests of cog-
nitive function. For example, it has been established that raw scores on the
Wechsler Adult Intelligence Scale (WAIS) performance subtests tend to decline
with increasing age whereas raw scores on the verbal subtests are maintained
(Botwinick 1977, Wechsler 1981). Thus the digit symbol substitution task is
clearly sensitive to age effects whereas the vocabulary subtest is not (see Table 2).
Since all of the performance subtests are timed tasks dependent upon motor (or
visuomotor) output, a fundamental psychomotor deficit would be expected to af-
fect scores on all of them. Thus further interpretation of impairments on any
timed motor task is questionable. For example, the age-related decline in scores
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Table 2. Mean scores of three subject groups on standardized psychometric tests.
Reprinted by permission from Ferris et al. (1980)

Measure Elderly Elderly Young
Impaired Normal Normal
(N=60) (N=44) (N=63)
WAIS
Vocabulary? 13.7 (3.3) 154 (2.9) 14.7 (2.9)
Digit Symbol? 6.3 (2.7) 8.6 (2.0) 13.3 (2.5)
Digit Span
Forward 6.8 (1.4) 7.2 (1.3) 7.3(1.3)
Backward 4.5(1.1) 5.5(1.5) 5.7 (1.3)
Guild Memory Test
Paragraphs:
Immediate 539 9.7 (2.3) 11.1 (3.1)
Delayed 5.0 (3.5) 12.3 (3.0) 14.6 (3.8)
Paired Associates:
Immediate 1.4 (1.3) 4.6 (1.8) 6.7 (1.9)
Delayed 1.4 (1.4) 5.4 (1.9) 8.12.1)
Memory for Designs 2.4 (1.8) 6.3 (2.5) 8.1 (1.6)

Note: SD’s are in parentheses
# Standard scaled scores

on the block design subtest cannot be contrued as a valid demonstration of an
impairment of visuospatial praxis in the elderly.

Visuospatial Praxis

This is not to suggest that age-specific deficits in psychological processes more
complex than sensorimotor function have not been established. With regard to
visuospatial praxis, old subjects perform more poorly than young subjects even
on an untimed version of the block design subtest (Storandt 1977). Similarly, per-
formance on tests which require immediate untimed visual reproduction of line
drawings, such as the Bender-Gestalt Visual Motor Test (Brilliant and Gynther
1963) and the Minnesota Percepto-Diagnostic Test (Crookes and Coleman 1973),
also decline with age, indicative of an age-related deficit in constructional abili-
ties. Other indications of an impairment in the perception of spatial relations are
apparent in the deficits of aged normals on the space test of the Primary Mental
Abilities Test (Strother et al. 1957) and in their susceptibility to the Muller-Lyer
illusion (Wapner et al. 1960). In contrast, the elderly are reported to be more ac-
curate in their perception of verticality than the young (Comalli et al. 1959) and
to be less susceptible to the Titchner circles illusion (Wapner et al. 1960).

Concept Formation

Other subject-paced tasks reveal age-related deficits in other complex cognitive
skills. However, in addition to psychomotor speed, a frequent confounding factor
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in many tests of higher-level cognitive functions is the memory requirement of the
task. For example, a number of concept formation tests, such as poisoned food
problems (Arenberg 1982), the untimed picture arrangement subtest of the WAIS
(Storandt 1977), and the category test of the Halstead-Reitan battery (Reed and
Reitan 1963), elicit age-dependent performance decrements indicative of deficient
abstract problem-solving skills in the elderly. But, as pointed out by Rabbitt
(1977), all of these tests have a major undifferentiated memory component.

Learning and Attention

Two other areas in which cognitive assessment reveals reliable age-related deficits
are learning and attention. In the case of attentional mechanisms, the presence
or absence of age-related deficits is dependent upon the operational definition of
attention adopted in the test paradigm. Divided attention tasks typically yield
marked impairments in the elderly (Craik 1977; Inglis and Caird 1963). Tests of
concentration or vigilance, such as the continuous performance task, typically do
not, unless the stimulus presentation rate is high (Thompson et al. 1963). It has
been cogently argued that the impaired performance of elderly subjects on di-
chotic listening and other divided attention tasks is secondary to memory dys-
function (Craik 1977). There is an extensive literature documenting age effects
upon the performance of a wide variety of learning tasks (Arenberg and Robert-
son-Tchabo 1977, Botwinick and Storandt 1974). However, since learning deficits
in the elderly are also contingent upon age-related memory loss, we will focus on
studies which have contributed to the understanding of this underlying dysfunc-
tion.

Immediate and Remote Memory

Memory difficulty is the most commonly reported complaint of cognitive decline
in the elderly. In the attempt to define more precisely the qualitative nature of the
memory loss accompanying normal aging, both subjective and empirical evidence
support the conceptual utility of distinguishing between primary (immediate),
secondary (recent), and tertiary (remote) memory. One important characteristic
of the cognitive profile of the normal elderly is the integrity of their primary mem-
ory processes. A classic illustration of this spared function is the relative insensi-
tivity to age of the digit span subtest of the WAIS (see Table 2). A contention
which is somewhat more controversial, partly because of the difficulty of design-
ing a properly controlled study of age effects upon remote memory, is that tertiary
memory processes are also subject to only modest decline in the elderly (Fozard
1980). As already mentioned, language skills in the elderly are essentially intact,
and the remote verbal memory requirements of tests of vocabulary (see Table 2),
confrontation naming (see Fig. 3), and verbal fluency (Strother et al. 1957) fail to
elicit substantial performance decrements in the aged. However, there is some ev-
idence for a decline in the recall of news items and famous faces from the distant
past after age 70 (Squire 1974; Warrington and Sanders 1971).
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Fig. 2. Effects of delays of between 0 and 120 s on visuospatial recall of young normal, elderly
normal, and elderly demented subjects. Subjects were asked to remember which room of a 25-
room house, presented on a video monitor, had a lighted window. During the delay inteval, they
performed a reaction time task. Ordinate is percentage of correct responses. At the 0-s delay, only
the performance of the moderately-to-severely impaired subjects (GDS 5-6) differed significantly
from that of the mildly-to-moderately impaired subjects (GDS 3—4), elderly normal subjects
(GDS 1-2) or young normal subjects. At 30 s after stimulus, performance level was significantly
different among all four groups. Reprinted by permission from Flicker et al. (1984)

Recent Memory

Unlike immediate or remote memory, recent memory is clearly impaired in the
normal elderly (Fozard 1980). We have found that this deficit is readily apparent
on tests of paragraph recall (see Table 2), paired associates (see Table 2), shop-
ping list recall (McCarthy et al. 1981), memory-for-designs (see Table 2), name-
face associates (Ferris et al., to be published), visuospatial recall (see Fig.2), and
facial recognition (Ferris et al. 1980).

Early Senile Dementia

At the present time there is no established set of behavioral indices which can be
used to differentiate between the cognitive profiles of the normal and demented
elderly. The lack of a straightforward solution to this problem is attributable to
the global nature, the probable heterogeneity of etiology, and the ontogenetic
characteristics of the cognitive decline associated with senile dementia. First, at
least in the advanced stages of dementia, because of the global nature of the cog-
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nitive deterioration, virtually any cognitive test will elicit reliable deficits. Second,
even in a population of patients who will all receive definitive diagnoses of
Alzheimer’s disease, there is likely to be considerable variability in the behavioral
expression, the sequence of occurrence, and even the presence or absence of
underlying neuropathological processes. The third obstacle is discernible in the
DSM III definition of primary degenerative dementia, which lists an “insidious
onset” as a diagnostic criterion, and thus implies that the early stages of senile
dementia consist of a gradual exacerbation of cognitive deficiencies from a para-
normal to a pathological level of function. The remainder of this review will con-
centrate on the initial stages of this decline, since during this period it may be pos-
sible to identify aspects of cognitive function which are differentially susceptible
to the dementing disorder.

Recent Memory

The available psychometric data, however, seem to suggest that the differences
in cognitive function between normal and mildly demented elderly subjects are
quantitative rather than qualitative. The primary symptom of senile dementia is
a further impairment of the memory for recent events. Results from our studies
of recent memory in young normal, elderly normal, and mildly-to-moderately im-
paired elderly subjects consistently reveal a pattern of significant, progressive de-
cline in performance due to aging and dementia. We have observed this pattern
on numerous tests of verbal memory, including recall of paragraphs (see Table 2),
shopping lists (McCarthy et al. 1981), and paired associates (see Table 2). De-
mented subjects are especially prone to perseverative errors of intrusion on list
learning tasks (Fuld et al. 1982). Significant differences between young, old, and
demented subjects are also apparent on tests of recent visual memory, such as the
memory-for-designs test (see Table 2), name-face associates (Ferris et al., to be
published) and different tests of visuospatial recall (see Fig.2). We have pre-
viously reported an age effect but no effect of mild cognitive impairment on mem-
ory for faces as measured in a continuous recognition paradigm (Ferris et al.
1980). However, in agreement with Wilson et al. (1982) a more recent investiga-
tion which included shorter delay intervals between the first and second presen-
tation of the stimulus face revealed significant differences between normal and
mildly impaired elderly subjects as well.

Immediate Memory

In the early stages of senile dementia, as in normal aging, tests of primary memory
reveal little functional loss. In contrast with the marked deficits on secondary
memory tests, digit span is reduced by only about half a character (see Table 2).
Immediate recall of the location of a visuospatial stimulus is unimpaired, even
though 30 seconds later recall accuracy will be clearly subnormal (see Fig. 2).
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Remote Memory

There is at least one study suggesting that there is an impairment of remote mem-
ory in the early stages of senile dementia. Wilson et al. (1981) found a deficit in
their patients’ recall of news items and the names of famous faces two years after
onset of the dementing disorder. The conclusion that tertiary memory is impaired
in early senile dementia is somewhat controversial. Moscovitch (1982) failed to
find a dementia effect using the same famous faces test. In addition, an uncontrol-
led factor in these studies is the subjects’ opportunities for rehearsal subsequent
to the onset of the memory impairment. Furthermore, other tests dependent upon
remote verbal memory, such as the WAIS vocabulary subtest, are relatively insen-
sitive to early senile dementia (see Table 2). Naming of colors, letters, numbers,
and body parts is likewise unimpaired (Rosen 1983).

Language

Elderly subjects with mild to moderate cognitive impairment do, however, exhibit
deficient recall from remote verbal memory when tested for visual confrontation
naming of objects (see Fig. 3). This word-finding difficulty is also detectable with
tests of verbal fluency (Martin and Fedio 1983; Miller and Hague 1975; Rosen
1981) and appears to constitute one of the only established qualitative distinctions
between cognitive dysfunction in normal aging and early senile dementia. It has
been reported that in some cases this anomia can precede any other sign of mem-
ory disturbance (Wechsler 1977). Dysphasia with nominal aphasia has also been
reported to be one of the three most common clinical symptoms associated with
histopathologically confirmed Alzheimer’s disease (Sim and Sussman 1962).
Some attempt has been made to specify further the qualitative nature of the lan-
guage dysfunction associated with senile dementia. However, the naming deficit
is still present in demented subjects with otherwise normal scores on the Boston
Diagnostic Aphasia Examination (Kirshner et al. 1984). Furthermore, subjects
with mild to moderate senile dementia are relatively unimpaired when asked to
point out named objects or to point out objects which might be used for a par-
ticular task (see Fig.3). Clearly there is no general disruption of semantic pro-
cessing. At the present time, the most parsimonious classification of this impair-
ment would characterize it as simply a deficit in retrieval from remote verbal
memory.

Visuospatial Praxis

After memory disturbance, the second most common clinical symptom of histo-
pathologically confirmed Alzheimer’s disease, according to Sim and Sussman
(1962), is temporal and spatial disorientation. Spatial disorientation in the elderly
and demented has not yet received adequate quantitative study. As mentioned
above, visuospatial memory tests elicit pronounced deficits from subjects with
mild to moderate cognitive impairment (see Fig.2). Tests of visuospatial praxis,
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Fig. 3. Effects of aging and dementia on remote memory and language, as measured by tests of
object naming, object recognition, and object function recognition. In each task, subjects were
presented with line drawings of objects on a video monitor screen. In the naming task, objects
were presented individually, and subjects were instructed to supply the name of the object. In
the other two tasks, 25 objects were presented simultaneously. In the recognition task, subjects
were instructed to point to the object the name of which appeared on the screen. For the function
recognition task, subjects were instructed to point to the eight objects which might be used in
a particular chore (e.g., dressing). Aged normal subjects (I-2) exhibited a slight performance de-
crement relative to young normal subjects (YN) on all three tasks. Moderately-to-severely de-
mented subjects (5—6) were markedly impaired on all three tasks. Subjects with mild to moderate
senile dementia (3—4) were markedly impaired on the naming task only. Numerical designations
of the three aged subject groups refer to the Global Deterioration Scale of Reisberg et al. (1982).
(Reprinted from C. Flicker, S.H. Ferris, T. Crook, R.T. Bartus, Confrontation naming and
other language and remote memory functions in senile dementia of the Alzheimer’s type, in prep-
aration)

such as the Minnesota Percepto-Diagnostic Test (Crookes 1983) or other tests re-
quiring the visual reproduction of line drawings (Horenstein 1971; Muramoto et
al. 1984; Rosen 1983), of the Rey-Osterrieth Complex Figure (Brouwers et al.
1984), or of gestures or token board designs (Beauvois and Lhermitte 1975) all
reveal a deficit in elderly subjects in the early stages of dementia. Horenstein
(1971) has concludeded that performance on the Bender-Gestalt of subjects with
senile dementia of the Alzheimer type or multi-infarct dementia is qualitatively
distinguishable from that of aged normals or brain-damaged subjects. Other tests
of the perception of spatial relations, such as the (timed) mosaic comparisons test
(Brouwers et al. 1984), are also sensitive to early senile dementia. In contrast,
Brouwers et al. (1984) found no dementia effect upon the Standardized Road
Map Test, which they interpreted as a demonstration of intact orientation in
egocentric as opposed to extrapersonal space. This hypothesis requires further in-
vestigation. The effects of dementia upon other tests relevant to spatial orienta-
tion, such as map-reading, perceived body position, mental rotation in space, and
maze completion, remain to be fully evaluated.
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Concept Formation

Concept formation and abstract problem-solving in senile dementia have also re-
ceived insufficient attention. The Stroop Color Word Test, which requires ab-
straction and set shifting, yields performance decrements in elderly cognitively
impaired subjects (Bettner et al. 1971). Interpretation of this finding is con-
founded, however, by the use of a time-to-completion measure as the dependent
variable derived from this task.

Psychomotor Performance

Both sensorimotor function and cognitive processing speed undergo further dete-
rioration in elderly individuals in the early stages of senile dementia. We have
found that both simple and choice reaction time are slower in elderly demented
subjects than elderly normals (see Fig. 1). Disjunctive reaction time exhibits sig-
nificantly more dementia-dependent slowing than simple reaction time, suggest-
ing that decreased higher-level cognitive processing speed might be primarily re-
sponsible for the increased latencies, as opposed to slowing of the sensory and
motor components of the response (Ferris et al. 1976).

Nonetheless, there is unmistakable evidence of sensorimotor dysfunction in-
dependent of more complex cognitive processes in even the earliest stages of senile
dementia. There is no change in the speed of peripheral nerve conduction (Levy
etal. 1970; Thomas et al. 1982). However, electroencephalographic studies reveal
increased latencies and decreased amplitudes of sensory evoked potentials (Levy
et al. 1971; Michalewski et al. 1980) and of the P 300 wave which occurs in re-
sponse to a target stimulus (Goodin et al. 1978). At the behavioral level, we have
found that relatively pure measures of motor integrity such as finger tapping
speed or the isolated “travel time” component of a simple reaction time response
are sensitive to even mild cognitive impairment in the elderly (unpublished obser-
vations). Vrtunski et al. (1983), based on a fine-grained analysis of the reaction
time responses of demented subjects, concluded that senile dementia produces a
fundamental disruption of the psychomotor organization of motor outputs.
Findings such as these limit the interpretability of deficits on timed complex psy-
chomotor performance tasks such as the digit symbol substitution test (see
Table 2).

Summary

In summary, the most prominent alteration in cognitive function produced by ad-
vanced age is a decrease in psychomotor speed. This deficit is accompanied by im-
pairments of a number of more complex cognitive abilities, such as visuospatial
praxis and concept formation. Aged normal subjects perform worse than young
normals on many tasks with a significant memory component. Memory loss in
the elderly appears to be restricted to memory for recent events, leaving immedi-
ate and remote memory essentially intact.
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Cognitive deterioration in the early stages of senile dementia mainly consists
of an exacerbation of the cognitive decline associated with normal aging. The pri-
mary symptom of dementia is a further impairment of recent memory. There are
also significant augmentations of the age-related decrements in cognitive pro-
cessing speed and psychomotor integrity. Immediate memory seems to remain
fairly stable. There is, however, a partial deficit in retrieval from remote memory,
which has been most reliably demonstrated on tests of object naming. Other tests
of high-level cognitive processes in subjects with incipient senile dementia reveal
impaired visuoconstructional abilities and a tendency to make errors of intrusion.

Future Directions

A more accurate description of the cognitive dysfunction associated with the early
stages of senile dementia will require a fuller characterization of: (1) the nature
of the naming deficit, whether in terms of linguistic or mnestic processes; (2) the
differential sensitivity to dementia of the various sub-components of visuospatial
praxis and recent memory; (3) the deficits elicited by non-memory tests of concept
formation and abstract problem-solving, and (4) the underlying basis of the per-
severative tendencies of subjects with early senile dementia.
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Senile Dementia of the Alzheimer Type:
Diagnostic and Differential Diagnostic Features with
Special Reference to Functional Assessment Staging

B. REISBERG, S.H. FERRIS, and M.J. DE LEoN?

Describing Senile Dementia of the Alzheimer Type: Historical Review

At the time we embarked on our investigations into the clinical symptomatology
of senile dementia of the Alzheimer type (SDAT) approximately 6 years ago, little
was known about this disorder. Old age as a cause of dementia had been recog-
nized by Aretaeus of Cappadocia and popularized by Galen in the second century
A.D. (Adams 1861; Galen 1821-1833). This conception does not appear to have
advanced further until Rush’s seminal description of a patient with “the marks
of second infancy” (Rush 1793). In 1838, Esquirol provided a more general defi-
nition of “démence sénile’ as an illness: (a) in which there occurs a weakening of
the memory for recent experiences and a loss of drive and willpower; (b) which
appears gradually; and (c) which may be accompanied by emotional distur-
bances. At approximately the same time, Prichard (1837) described an entity he
called “senile incoherence”, which he divided into four successive stages: (a) im-
paired memory; (b) loss of reasoning power; (c) incomprehension; and (d) loss of
instinctive action. In 1907, Alzheimer described the case of a woman who suc-
cumbed to the illness in her fifties.

Until 1980, knowledge of the clinical syndrome of SDAT was summed up in
the American Psychiatric Association’s definition of primary degenerative de-
mentia:

“The essential feature is the presence of Dementia of insidious onset and
gradual progressive course for which all other specific causes have been excluded
by the history, physical examination and laboratory tests. The Dementia involves
a multifaceted loss of intellectual abilities, such as memory, judgement, abstract
thought, and other higher cortical functions, and changes in personality and be-
havior.

The onset is insidious, and the course is one of uniform, gradual progression.
In the early stages memory impairment may be the only apparent cognitive def-
icit. There may also be subtle personality changes, such as the development of ap-
athy, lack of spontaneity, and a quiet withdrawal from social interactions. Indi-
viduals usually remain neat and well-groomed and, aside from an occasional ir-
ritable outburst, are cooperative and behave in a socially appropriate way. With
progression to the middle stage of the disease various cognitive disturbances be-
come quite apparent, and behavior and personality are more obviously affected.
By the late stage, the individual may be completely mute and inattentive. At this
point he or she is totally incapable of caring for himself or herself. This stage leads
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inevitably to death. With senile onset, the average duration of symptoms, from
onset to death, is about 5 years (American Psychiatric Association 1980).
Hence, 5 years ago, we were confronted with the following questions:

1. The foremost question was whether SDAT is a characteristic clinical entity,
distinguishable from other dementing disorders. Clearly, the early stages of
this illness process, in which “individuals usually remain neat and well-
groomed and are cooperative and behave in a socially appropriate way,” are
very different from the late stage, in which “the individual may be completely
mute and inattentive.” The stages of this process needed to be described in de-
tail, if indeed they are sufficiently homogeneous to be described.

2. The borderline between normal aging and SDAT needed to be defined, along
with the prognosis associated with each stage of the illness process, if indeed
stages can be demonstrated. Previous investigations had revealed that normal
aged individuals who score relatively poorly on psychological test measures
are more likely to be deceased at follow-up than cohorts (including twin co-
horts) who achieved higher scores on these measures (Jarvik and Falek 1963).
At the other end of the illness spectrum, studies had revealed that persons in-
stitutionalized with dementia of diverse etiology suffer an increase in mortality
in comparison with cohort and control populations. Studies beginning to ap-
pear 5 years ago indicated that persons institutionalized with more specifically
diagnosed SDAT are more likely to be deceased at follow-up than persons in-
stituionalized with dementia of other etiology (Kaszniak et al. 1978; Go et al.
1978). Between these extremes of morbitidy and mortality, little was known
with respect to the course of the disease for community residing persons with
mild, moderate, and severe cognitive impairment either with regard to each
other or with regard to unimpaired elderly controls.

3. Assessment measures capable of assessing the magnitude of dementia symp-
tomatology, irrespective of etiology were available (Blessed et al. 1968; Kahn
et al. 1960; Folstein et al. 1975; Reisberg et al. 1981). However, at a certain
point in the evolution of the illness, subjects achieve uniform scores of zero on
all mental status and psychometric assessments. Thus, the course of illness
needed to be described as it evolves beyond this untestable phase.

4. If indeed the evolution of SDAT is sufficiently hgmogeneous to lend itself to
description, criteria for managing each stage of the illness had to be elucidated.
Disease management requirements fall into two distinct categories: those relat-
ing to the patient and those relating to the primary care giver who, of necessity,
shoulders much of the burden of coping with the illness. If feasible, manage-
ment advice should be formulated in terms appropriate to each stage of the ill-
ness, since, clearly, the needs of the patient who remains “neat and
wellgroomed” and who behaves “in a socially appropriate way”’ are very dif-
ferent from those of the patient who is “mute and inattentive”.

In the past 5 years, we have attempted in our laboratory to provide answers
to each of the above questions. Initially, case histories describing three broad
phases of the illness process were published (Reisberg 1981). Subsequently, seven
global stages of the normal aging process and of progressive Alzheimer’s disease
were described (Reisberg et al. 1982). A clinically assessed symptomatology cor-
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responding to each of these seven stages was also elaborated. Initially, five con-
cordant axes representing seven phases of change in progressive SDAT were pub-
lished (Reisberg et al. 1983 a). These initial five axes of the Brief Cognative Rating
Scale measured progressive changes in concentration, recent memory, past mem-
ory, orientation, and functioning. Pearson correlations between ordinal clinical
assessments on any two of these axes ranged from 0.83 to 0.94 (n=150, P<.001)
(Reisberg et al. 1984a). Subsequently, three additional axes of progressive alter-
ations relating to language, motor functioning, and mood and behavior in normal
aging and SDAT were published (Reisberg et al. 1983). While assisting in the fur-
ther description of progressive changes in the SDAT clinical syndrome, the latter
were somewhat less in agreement with stage-specific global descriptions of the ill-
ness. Hence, Pearson correlations of each of these axes with global descriptions
of change on the Global Deterioration Scale (Reisberg et al. 1982) were 0.88, 0.62,
and 0.64 respectively (n=30, P<.001) (Reisberg et al. 1984a). We have recently
completed a clinical description of the progression of SDAT which introduces
two additional axes to assess deterioration of constructional praxis and calcula-
tion ability. Together with the axes measuring changes in language, motor func-
tioning, and mood and behavior, the latter two comprise part 2 of the final ver-
sion of the ten-axis Brief Cognitive Rating Scale (BCRS) in Table 1.

The Global Deterioration Scale (GDS) describes in global terms the clinical
progression of Alzheimer’s disease and is thus a useful instrument in the diagnosis
and the differential diagnosis of SDAT. If a clinical syndrome differes markedly
from the GDS staging and progression, the diagnosis of SDAT might be called
into question. Other recent work has revealed the prognostic concomitants of the
global stages and elaborated operational definitions of normal aging, normal
aged senescent forgetfulness, and early Alzheimer’s disease (Reisberg et al.
1984 b). These investigations are summarized in Table 2. Independent observa-
tions and investigations have made it possible to formulate stage-specific criteria
for managing each global stage of the illness (Reisberg 1984).

The BCRS ordinal axes provide a means of assessing clinical symptomatology
and change at all stages of the illness in a continuous and sensitive fashion. Unlike
most psychological test measures and mental status assessments, the utility of this
instrument does not “bottom out” until relatively late in the evolution of SDAT.
It was hoped that BCRS axis concordance would also provide a useful tool in the
differential diagnosis of SDAT as opposed to other senescent dementing and/or
pseudodementing disorders. Although the BCRS continues to show promise in
assisting clinicians in differential diagnosis, succinct, rapid, clinically useful rules
have not readily emerged. Hence, this instrument is primarily used at present as
a sensitive clinical instrument for gauging the magnitude of clinically assessed
symptomatology in pharmacologic trials. In this context, the GDS is imple-
mented as an initial staging and diagnostic instrument.

Functional Assessment Staging of SDAT

We have recently developed a new assessment instrument derived from axis 5 of
the BCRS. This instrument, known as the FAST, an acronym for Functional As-



Table 1. Brief cognitive rating scale (BCRS)® — Part 1

Axis 1: Concentration

1.

5.
6.

7.

No objective or subjective evidence of deficits in concentration

2. Subjective decrement in concentration
3.
4. Definite concentration deficit given the patient’s background (e.g., marked deficit in

Minor signs of poor concentration (e.g., difficulty in subtracting serial 7s from 100)

subtracting serial 7s; frequent deficits in subtraction of serial 4s from 40)

Marked concentration deficit (e.g., naming months backwards or subtracting serials 2s
from 20)

Forgets the concentration task; frequently begins to count forward when asked to count
backwards from 10 by 1s

Marked difficulty counting forward to 10 by Is

Axis 2: Recent memory

1.
2.
3.
4.

5.
6.

7.

No objective or subjective evidence of deficit in recent memory

Subjective impairment only (e.g., forgetting names more frequently)

Deficit in recall of specific events evident upon detailed questioning; no deficit in the recall
of major recent events

Cannot recall major events of previous weekend or week; scanty knowledge (not detailed)
of current events, favorite television shows, etc.

Unsure of wheather, may not know current president or current address

Occasional knowledge of some recent events; little or no idea of current address, weather,
etc. Given the current president’s first name, may recall his last name

No knowledge of recent events

Axis 3: Past memory

1.
2.
3.

W

No subjective or objective impairment of past memory

Subjective impairment only: can recall two or more primary school teachers

Some gaps in past memory upon detailed questioning; able to recall at least one childhood
teacher and/or one childhood friend

. Clear-cut deficit: the spouse recalls more of the patient’s past than the patient. Cannot

recall childhood friends and/or teachers but knows the names of schools attended. Confuses
chronology in reciting personal history

. Major past event’s sometimes not recalled (e.g., names of schools attended)
. Some residual memory of past (e.g., may recall country of birth or former occupation; may

or may not recall mother’s name; may or may not recall father’s name)

. No memory of past (cannot recall country, state, or town of origin; cannot recall names

of parents, etc.)

Avis 4: Orientation

1.
2.
3.

4.
5.

6.
7.

No deficit in memory for time, place, identity of self or others

Subjective impairment only: knows time to nearest hour, location

Mistakes in time of 2 or more hours, in day of the week of 1 or more days, in date of
3 or more days

Mistakes day of the month by 10 days or more, confuses month of the year by 1 month
or more

Unsure of month and/or year and/or season; unsure of locale

No idea of date; identifies spouse but may not recall name; knows own name

Cannot identify spouse; may be unsure of personal identity

Axis 5: Functioning and self care

1.

=N

No difficulty, either subjective or objective

2. Complains of forgetting location of objects; subjective work difficulties
3.
4. Decreased ability to perform complex tasks (e.g., planning dinner for guests, handling

Decreased job functioning evident to co-workers; difficulty in traveling to unfamiliar locations

finances, marketing)

. Requires assistance in choosing proper clothing
. Requires assistance in feeding, toileting, bathing, and/or ambulating

Requires constant assistance in all activities of daily life

# Copyright 1984 Barry Reisberg



Table 1 (continued)

Part 2
Axis 6: Speech

1.
2.
3.

4.

No subjective or objective speech deficit

Subjective deficits in recalling names of persons or objects

Overt word-finding difficulties which may result in intermittent interruptions of speech or
mild stuttering

Decrease of verbalization evident to family members but generally not evident on clinical
interview; patient becomes more reticent or, alternatively, tendency to ramble

. Overt paucity of spontaneous speech (evident in the course of clinical interview); sentence-

production abilities remain intact

. Inability to speak in sentences; responses tend to be limited to one or a few words
. Verbal abilities are lost; vocabulary may be limited to one or two words, if any. Patient may

repeat words or phrases (verbigeration) or make up new words or phrases (neologisms).
Patient’s vocabulary may be limited to grunts or screams

Axis 7: Psychomotor

1.
2.

3.

6.

7.

No subjective or objective motor deficits

Subjective decrement in complex motor or physical abilities; no objective decrement in
performance

Decreased ability to perform complex psychomotor tasks, such as sailing or complex
constructive tasks

. Gait becomes slowed. The deficit is notable to family members familiar with the patient

but not necessarily to clinicians who may not know the patient well. Patient becomes more
cautious with respect to movements and activities in general, such as driving an automobile

. Slowing of gait and movement is clearly evident, even to strangers. Driving ability is

compromised or abandoned

Steps become small and movements are markedly slowed; difficulty in signing name properly
may develop

Ability to ambulate is lost

Axis 8: Mood and behavior

7.

. No subjective or objective changes in mood or behavior
. Subjective increase in anxiety or concern with respect to cognitive fonctioning

Overt anxiety evident to clinician and/or patient’s family

. Blunting of emotional responses evident to family

. Flattened affect evident to physician; patient may have crying episodes

. Overt agitation and/or formal thinking disorder (e.g., paranoia, hallucinations, delusions)
. Nonverbal agitation alternating with pathologic passivity

xis 9: Praxis

. No subjective or objective changes

. Can draw a cube

. Difficulty drawing a cube with proper perspective
. Can draw a rectangle

. Can draw a circle inside a circle

. (a) Can draw a circle

(b) Can draw a line
(c)-(e) Can draw a scribble
Will not write anything, but may grasp a writing implement in a useable fashion

Axis 10: Calculation ability

AN AW N -

. No subjective or objective changes
. Can subtract 43—17

. Can subtract 39— 14

. Can subtract 15—6

. Can subtract 9—4

. (a) Can add 8+7

(b)y(e) Canadd3+1

. (¢) May sometimes be able to add 1+1

(b)~(f) cannot add 1+1
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sessment Staging of SDAT (Reisberg et al. 1984c), enables clinicians to assess
cognitive impairment in the aged patient and, similtaneously, to perform tasks
that were previously difficult or impossible:

1. To determine rapidly whether the nature of the dementing process is consistent
with uncomplicated SDAT, in terms of both present manifestation and evolu-
tion.

2. To classify in a relatively detailed fashion even patients who are in the later
stages of SDAT.

3. To differentiate various complications of Alzheimer’s disease from the natural
evolution of the illness.

4. To accomplish all of the above with sufficient facility to allow the preliminary
diagnosis, differential diagnosis, and determination of complicating factors to
be made on the basis of information provided by family members or, in many
cases, even over the telephone, prior to the actual examination of the patient.

These diagnostic advances are possible for several reasons: (a) Alzheimer’s
disease is a pervasive dementing process, the evolution of which invariably fol-
lows a definite consistent course; (b) dementing processes associated with other
etiologies evolve differently; and (c) many functional activities in all twentieth-
century societies are identical, making it possible to describe functional decre-
ments in universal terms. The Functional Assessment Stages (FAST) of normal
aging and of SDAT have been enumerated so as to be optimally concordant with
the corresponding stages of the Global Deterioration Scale (GDS) and the BCRS
axes. The FAST stages are described in Table 3.

Table 3. Functional Assessment Stages (FAST) in normal aging and in senile dementia of
Alzheimer type?®

Global Clinical FAST characteristics Commentary
deterioration diagnosis
scale stage

1. No cognitive Normal No functional decrement,  The aged subject’s ostensible and subjective
decline either subjective or functional abilities in
objetive, manifest occupational, social, and

other settings remain intact
in comparison with his
performance 5-10 years

previously.
2. Very mild Normal for ~ Complains of forgetting The most common age-related functional
cognitive age location of objects; complaints are of forgetting names, the
decline subjective and word- location of objects, and decreased ability

finding difficulties

to recall appointments. These subjective
decrements generally go unnoticed by
intimates or co-workers. Complex
occupational and social functioning is not
compromised by the subjectively observed
decrements.

2 Copyright 1984 Barry Reisberg
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Commentary

Global Clinical FAST characteristics
deterioration diagnosis
scale stage
3. Mild Borderline Decreased functioning in
cognitive impairment  demanding employment
decline settings evident to
co-workers; difficulty
in travelling to new
locations
4. Moderate Mild Decreased ability to
cognitive Alzheimer’s  perform complex tasks
decline disease such as planning dinner

for guests, handling
finances, and shopping.

These sujective symptoms are very common
in elderly individuals. They may also be
troubling and lead the individual to
consult a physician. The symptoms may
be associated with primary affective
disorder or primary anxiety, and symp-
toms of these conditions should be looked
for carefully. In many cases, no condition
other than normal aging is found.

An individual may begin to forget important
appointments for the first time in his life.
Similarly, a professional who may have
been able to write hundreds of articles or
reports over the course of his or her adult
years now finds him- or herself unable to
finish a single report for the first time.
Functional decrement may also become
manifest in complex psychomotor tasks,
such as ability to travel to unfamiliar
locations.

Individuals at this stage have no difficulty
with routine tasks, such as shopping,
handling finances, or travelling to
familiar locations. They may retire from
demanding occupational and social
settings, whereupon their deficits may no
longer be manifest.

Although clinically these symptoms may
appear subtle, they can be of sufficient
magnitude to alter a patient’s life-style
considerably. They can be alarming
enough to induce him to visit a physician
or clinic.

Individuals have difficulty returning with
the correct items and proper amounts
when marketing. Unless supervised, they
have difficulty balancing their check-
books and may make significant financial
errors. Functioning in other complex
areas is also compromised. One patient
at this stage scheduled a dinner party and
instructed half the guests to arrive on the
following day. Another patient ostensibly
continued to function as an attorney, in
partnership with her husband. Although
she was able to travel independently to
and from her office daily, she could not
recall the names or details of any of the
“cases” she was supposedly continuing to
work on, when queried. In actuality, her
husband had taken on her work.
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Global Clinical
deterioration diagnosis
scale stage

FAST characteristics

Commentary

5. Moderately Moderate

severe Alzheimer’s
cognitive disease
decline

Requires assistance in
choosing clothing;
may require coaxing to

bathe properly

Patients can still function independently in

the community since they can dress, bathe,
choose their own clothing and travel to
familiar locations. However, independent
community functioning is compromised.
One woman at this stage lived alone and
continued to pay her own rent; however,
when queried, she underestimated the
amount of her rent by 50%. This same
woman incorrectly stated she lived in a
hotel, when, in actuality, she resided in an
apartment house.

Many of these patients continue to function

independently in a community setting,
although their symptoms may lead to
financial and other difficulties. Family
members may become alarmed by the
symptomatology at this stage and bring
the patient for the first time to the
physician for diagnosis.

At this stage, patients can no longer function

independently. The care giver must assist
not only in managing financial affairs and
in marketing, but must also assist the
patient in choosing the proper clothing
for the season and occasion. The patient
frequently wears obviously incongruous
clothing combinations, unless the care
giver intervenes. The inability to choose
proper clothing is virtually patho-
gnomonic of this stage.

Less characteristically, some patients begin

to forget to bathe regularly unless
reminded. Sometimes, coaxing as well as a
reminder to bathe is necessary. Another
functional deicit which frequently
becomes manifest at this stage is difficulty
in driving an automobile. The patient may
speed up and slow down the vehicle
inappropriately, mistakenly go through a
stopsign or stoplight, or even collide with
another vehicle for the first time in many
years. Frequently, the patient is suffi-
ciently alarmed to discontinue driving
voluntarily. Occasionally, coersion on the
part of the care giver is necessary.
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Commentary

Global Clinical FAST characteristics
deterioration diagnosis
scale stage
6. Severe Moderately  (a) Difficulty in putting
cognitive severe on clothing properly
decline Alzheimer’s
disease

(b) Requires assistance in
bathing; may develop
fear of bathing

(c) Decreased ability to
handle the mechanics
of toiletting

(d) Urinary incontinence

Patients are still capable of putting on their
clothing properly, once it has been selected
for them. They are also capable of bathing
themselves and even of adjusting the
bathwater properly, when washing,
although, as mentioned, they may have to
be cajoled or reminded to bathe.

Crying episodes or other emotional
disturbances, including hyperactively and
sleep rhythm disturbances, frequently
result in crises and physician intervention
at this stage.

Initially in this substage, many patients
begin to put their regular clothing on
over their night clothes. Other patients,
for the first time in their adult lives,
experience difficulties in tying their
shoelaces properly, buttoning or zipping
their clothing, tying neckties properly, or
putting their shoes on the proper feet.
As the illness advances, care givers
increasingly assist the patient in putting
his clothes on properly.

At this stage, the patient’s ability to adjust
the bathwater properly declines. Diffi-
culties in getting in and out of the bath,
washing properly, and completely drying
oneself may also become manifest.

As noted previously, fear or resistance to
bathing sometimes precedes actual
bathing deficits.

Patients at this stage begin to forget to flush
the toilet. They may also begin to forget
to wipe themselves properly when toileting
and may experience difficulty in read-
justing their clothing. The care giver
begins to assist the patient in handling
the mechanics of toileting.

Occasionally, this occurs virtually simulta-
neously with stage 6 (c), but more fre- .
quently, there is a discernable interval of
several months between these substages.
Urinary incontinence occurs at this stage
in the absence of infection or other
genitourinary tract pathology. It appears
to be entirely the result of decreased
cognitive capacity to respond to urinary
urgency with appropriate toileting
behavior.
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Table 3 (continued)

Global Clinical FAST characteristics Commentary
deterioration diagnosis
scale stage

(e) Fecal incontinence This substage may also appear simulta-
neously with the preceding substage
(urinary incontinence) or even when diffi-
culties with the mechanics of toileting first
become evident to the care giver. More
frequently, this substage is temporally
discrete, The cause as with urinary
incontinence, appears to be decreased
cognitive capatity.

Agitation and overt psychotic symptoma-
tology frequently produce crises in the
sixth stage which may result in medical
contact. Other symptoms, such as the
onset of incontinence may also produce
crises. Violence and/or incontinence may
lead the family to consider institutional-
ization of the patient.

7. Very severe Severe (a) ability of speak limited Decreasing vocabulary and speech abilities
cognitive Alzheimer’s to a maximum mark the progression of Alzheimer’s
decline disease vocabulary of disease. Reticence and paucity of speech

approximately six are frequently noted in the fourth and fifth
words GDS stages. In the sixth GDS stage, the

ability to speak in complete sentences is
gradually lost. Subsequent to the
development of incontinence, speech
becomes restricted to single words or short
phrases, and spoken vocabulary limited to
only a few words.

(b) Intelligible vocabulary  The final spoken word for the Alzheimer

limited to a single word patient varies. For some patients, the

spoken vocabularly becomes limited to
the word “yes,” while for others, it is
“no.” One woman’s final word was
“okay,” which she repeated in response to
all speach-eliciting phenomena. Hence,
if she wanted to toilet, express anxiety,
affirmation or negation, she said “okay.”
As the illness progresses, the ability to
speak even this single word is lost.
However, months afterwards, the patient
may suddenly articulate the seemingly
forgotten final word, only to return to a
state of obliviousness. After the capacity
for intelligible speech is lost, vocalization
is limited to grunts or screams.

(c) Loss of ambulatory Neuropathologic studies indicate that the

ability motor cortex is spared except in the most

severe (late) stages of Alzheimer’s disease.
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Global Clinical FAST characteristics
deterioration diagnosis
scale stage

Commentary

(d) Loss of ability to sit

(e) Loss of ability to smile

Perhaps this late cortical deterioration
explains why the loss of ambulatory
ability occurs at this late point in the
evolution of the disease. Lesser forms of
ambulatory disturbance, however, are
sometimes observed at earlier stages of
Alzheimer’s disease. These milder loco-
motor disturbances may be the result of
decreased cognitive capacities and
resultant psychomotor changes, rather
than destruction of the motor cortex per
se. For example, inappropriate gait speed
(the patient either walks too quickly or
slowly) is not infrequently noted in the
earlier stages of the disease. In the sixth
GDS stage, patients may begin to
ambulate more deliberately and to take
smaller steps. Assistance in walking up
and down staircases is generally required
prior to the loss of all ambulatory ability.

The onset of ambulatory loss is somewhat
varied. Some patients simply take
progressively smaller and slower steps.
Others begin to tilt forwards, backwards,
or laterally when walking. Twisted gaits
have also been noted.

After ambulatory abilities are lost, other
voluntary motor abilities become
compromised. After several months to
years many surviving patients develop
contractures, although it is not certain at
this time whether these are in some
instances preventable by aggressive
physical therapy.

After patients have lost the ability to
ambulate without and, subsequently, even
with assistance, they are still capable of
sitting in a chair unassisted. Several
months after ambulatory ability is lost,
the ability to sit unassisted is lost. At
this point, they are still capable of
smiling, chewing, grunting, and grasping.

Alzheimer’s disease survivors can generally
still move their eyes and may appear to
show deliberate ocular movements in
response to stimuli. Grasp-reflexive
ability is also preserved in many patients,
as is the ability to swallow.
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Global Clinical FAST characteristics
deterioration diagnosis
scale stage

Commentary

(f) Stupor and coma

Many symptoms of the earlier stages and
substages of Alzheimer’s disease appear to
be the functionally definable end products
of accumulative pathology, which are
recognizable, albeit less distinct, at earlier
stages of the illness. Similarly, the
stuporous and comatose states in the
final substage of Alzheimer’s disease may
be related to progressive electro-
physiologic slowing and decrements in
cerebral metabolism which are known
concomitants of the illness.

Pathologic passivity frequently replaces
earlier agitation in the seventh stage.
Nevertheless, some patients become
agitated or psychotic for the first time.
Not infrequently, family members consult
physicians for the first time with respects
to a crisis, which may or may not result

in institutionalization.

The Hierarchy of Functions in SDAT and in Normal Human Development

In 1964, de Ajuriaguerra et al. hypothesized that deficits in degenerative dementia
occur in an order that is approximately the reverse of Piaget’s childhood develop-
mental stages. Viewed retrospectively, our observations are in agreement with this
hypothesis. These relationships are detailed in Table 4.

Interestingly, in normal human development functional stages can be distin-
guished in ways that are also paralleled in the evolution of SDAT (Table 4).
Hence, just as functional stages merge and overlap at certain points of normal hu-
man development, the borderlines between the various FAST stages in
Alzheimer’s disease are subtle rather than abrupt. Also, the total duration of nor-
mal developmental stages does not differ strikingly from that of the degenerative
stages of SDAT. In this regard, it is interesting to return to the APA’s Diagnostic
and Statistical Manual’s definition cited earlier, which states “with senile onset,
the average duration of symptoms, from onset to death, is about 5 years” (Ameri-
can Psychiatric Association 1980). Particularly if we take into consideration the
fact that approximately 50% of SDAT cases do not present until the fifth or sixth
stage, the temporal course of degeneration represents the converse of the normal
course of development and does not markedly diverge from it in length. Also to
be taken into consideration is the fact that the vast majority of Alzheimer patients
do not survive the full course of the illness. Many succumb in the sixth stage, while
others, perhaps the majority, succumb in the early part of the seventh stage. Some
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Table 4. Correspondence between normal human development and FAST deficits in normal
aging and SDAT

FAST stage Estimated duration =~ Approximate age at which function is acquired in
of normal aging of FAST stage in normal development
and SDAT normal aging and
in SDAT?
1 50 years adult
2 15 years aged adult
3 7 years young adult
4 2 years 7 years to adolescence
5 18 months 5-7 years
6 (a) 5 months approximately 5 years (Eisenberg 1975)
(b) 5 months approximately 4 years (Eisenberg 1975)
(©) 5 months approximately 48 months (Vaughn 1969)
(d) 4 months approximately 36-54 months (Pierce 1975)
(e) 10 months approximately 24-36 months (Eisenberg 1975,
Vaughn 1969, Pierce 1975)
7 (a) 7 months approximately 12 months (Eisenberg 1975, Vaughn
1969)
(b) 6 months approximately 12 months (Eisenberg 1975, Vaughn
1969)
(©) 6 months approximately 12 months (Eisenberg 1975, Vaughn
1969)
(d) 6 months approximately 6-9 months (Eisenberg 1975, Vaughn
1969)
(e) 6 months approximately 8-16 weeks (Eisenberg 1975, Vaughn
1969)
® - perinatal

® In subjects who survive and progress to the subsequent deterioration stage

Alzheimer’s patients succumb relatively early in the course of the illness, in the
fifth or even the fourth stage. Death in the fifth stage from such tragedies as traffic
accidents is sometimes clearly traceable to Alzheimer’s disease, while death in the
fourth stage may be less readily related to the disease.

If we consider the relatively late presentation of many cases of Alzheimer’s
disease and the rate of premature death for many patients over the course of the
illness, the APA’s estimated survival time of S years is not very different from the
estimated duration of each stage of the illness, as shown in Table 4. Indeed, if we
assume that the average patient presents at the end of the fourth stage or the be-
ginning of the fifth stage and dies at the end of stage 7(b) or the beginning of
stage 7(c), the average duration of the illness according to Table 4 would be ex-
actly 5 years.

It is also evident from the FAST that, in both normal human development and
the degenerative change of SDAT, the ordinal hierarchy of functions is relative
rather than absolute. That normal human development proceeds in a certain
order is, of course, indisputable. However, individuals occasionally deviate from
the normal developmental hierarchy. Hence, whereas very few if any infants
speak many words before they can sit up, and no infants speak before they can
smile, some are capable of saying a few words before they can walk without as-
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sistance. Similarly, some Alzheimer patients may still be able to utter intelligible
words after having lost the ability to walk. Even more subtle is the distinction in
Alzheimer’s disease patients between loss of ability to put on clothing properly
and loss of ability to bathe properly. Developmentally, of course, these distinc-
tions may also be subtle. Hence, although functional degeneration in Alzheimer’s
disease, like that of normal aging is unquestionably ordinal, occasional minor de-
viations from the usual evolution of the disease occur, particularly between adja-
cent substages of the hierarchy. Major hierarchical violations, however, indicate
other confounding pathology.

The Staging of Severe SDAT

At stage 6(a), when Alzheimer victims lose the ability to put on their clothing
properly, their behavioral disturbances and cognitive deficits may limit their
achievements on most psychometric and mental status evaluations to baseline
(zero) scores. Thus, by the early part of the seventh stage, when patients lose the
ability to speak, test measures and mental status assessments are uniformly value-
less in differentiating the severity of patients’ symptoms. In contrast, the FAST
staging procedure makes possible the rapid identification of at least 11 ordinal
stages of Alzheimer’s disease beyond the point at which other assessment pro-
cedures are no longer of value.

The importance of this development for Alzheimer’s disease research cannot
be overestimated. Since contemporary in vivo and postmortem studies of SDAT
patients do not attempt to classify patients with “severe” Alzheimer type de-
mentia, these procedures provide a mechanism for remedying such deficiencies.

The Differential Diagnosis of Dementia

In conjunction with information about the onset, course, and presentation of
SDAT, the FAST staging procedure is useful in diagnosing and staging uncom-
plicated Alzheimer’s disease. it is also of great value in identifying extraneous,
treatable complications of Alzheimer’s disecase as well as in distinguishing
Alzheimer’s disease from other dementing disorders of later life (Table 5).

Ilinesses that might complicate an otherwise consistent picture of Alzheimer’s
disease include the following:

1. Inability to shop or handle finances at a time when a person can still function
adequately in a demanding employment setting should lead the clinician to
consider the possibility of a focal cerebral process associated with, for ex-
ample, acalculia, or a “pseudodementing’ process such as depression.

2. Inability to put on clothing properly at a time when a patient can still choose
the proper clothing to wear can occur in depression. It can also, of course, oc-
cur as a result of focal cerebral pathology, as in stroke or CNS metastasis. Ar-
thritis, a fracture, or other physically debilitating processes are other underly-
ing causes of a reversal in the ordinal pattern observed in uncomplicated
SDAT.
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Table 5. Differential diagnostic considerations in cases of deviations from FAST

Stage Characteristics Differential diagnostic considerations

(particularly if FAST stage occurs
prematurely in the evolution of dementia)

No functional decrement manifest,

either subjectively or objectively

Complains of forgetting location of

objects; subjective work difficulties

Decreased functioning in demanding

employment settings evident to co-

workers; difficulty in traveling to

unfamiliar locations

Decreased ability to perform complex

tasks such as planning dinner for

guests, handling finances, and

marketing

Requires assistance in choosing proper

clothing; may require coaxing to

bathe properly

(a) Difficulty in putting on clothing
properly

(b) Requires assistance bathing;
may develop fear of bathing

(c) Inability to handle mechanics of
toileting

(d) Urinary incontinence

(e) Fecal incontinence

(a) Ability to speak limited to one to
five words

(b) Intelligible vocabulary limited to
a single word

(c) Ambulatory ability lost

(d) Ability to sit lost
(e) Ability to smile lost
(f) Stupor or coma

2. Anxiety neurosis, depression

3. Depression, subtle manifestations of
medical pathology

4. Depression; psychosis, focal cerebral
process (e.g., Gerstmann’s syndrome)

5. Depression

6. (a) Arthritis, sensory deficit, stroke,
depression

(b) Arthritis, sensory deficit, stroke,
depression

(c) Arthritis, sensory deficit, stroke,
depression

(d) Urinary tract infection, other causes
of urinary incontinence

(e) Infection, malabsorption syndrome,
other causes of fecal incontinence

7. (a) Stroke, other dementing disorder
(e.g., diffuse space-occupying
lesions)

(b) Stroke, other dementing disorder
(e.g., diffuse space-occupying
lesions)

(c) Parkinsonism; neuroleptic-induced
or other secondary extrapyramidal
syndrome, Creutzfeldt-Jakob
disease, normal pressure hydro-
cephalus, hyponatremic dementia,
stroke, hip fracture, arthritis,
overmedication

(d) Arthritis, contractures

(e) Stroke

(f) Head trauma, metabolic abnormal-
ity, other medical abnormality,
overmedication, encephalitis, other
causes
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. Inability to handle the mechanics of bathing when the SDAT patient is still ca-

pable of choosing clothing appropiate to the season and occasion commonly
results from arthritis or other physical debilities.

. The premature development of urinary incontinence might indicate that the

patient has developed a urinary tract infection which might respond to appro-
priate intervention with antimicrobial agents.

. The development of fecal incontinence prior to the anticipated ordinal stage

might indicate either a gastrointestinal infection or any of numerous other pos-
sible causes of incontinence in the elderly and should be investigated in an ap-
propriate fashion.

. Premature loss of speech in what is otherwise an uncomplicated Alzheimer-

type presentation should lead the clinician to suspect the possibility of focal
cerebral pathology, in particular, cerebral infarction: either a primary multi-
infarct dementia or a mixed pathology involving degenerative dementia and
infarction.

. Premature loss of ambulatory ability in otherwise uncomplicated Alzheimer’s

disease can have numerous causes: cerebral infarction, CNS metastatic dis-
ease, hip or leg fractures, arthritis, severe peripheral vascular disease, primary
or secondary parkinsonism, overmedication, as well as other primary causes
of dementia, including Creutzfeld-Jakob disease, normal pressure hydroce-
phalus, or metabolic dementias.

Premature development of a comatose state in an Alzheimer patient may arise
from many causes: overmedication, intercurrent illness, cerebrovascular or
head trauma. Aspiration should always be suspected in late stages of the ill-
ness. This can lead to unconsciousness and apparent “foaming at the mouth”
which can be mistaken for a seizure.

Table 6. FAST*® characteristics in a man with amentia. M.H., 27 years old, amentia (Down’s
syndrome), Stanford Binet 1.Q.=17, Leiter International Performance Scale 1.0O. =24

1
2.
3

. (a) Ability to speak limited to vocabulary of one to five words

. No functional decrement, either subjective or objective, manifest NA

Complains of forgetting location of objects; subjective work difficulties NA

. Decreased functioning in demanding employment settings evident to o

co-workers; difficulty in traveling to new locations

. Decreased ability to perform complex tasks such as planning dinner o

for guests, handling finances, and marketing

. Requires assistance in choosing proper clothing; may require coaxing to  ©

bathe properly

. (a) Difficulty in putting on clothing properly O (tying shoes)

(b) Requires assistance bathing; may develop fear of bathing
(c) Inability to handle mechanics of toileting

(d) Urinary incontinence

(e) Fecal incontinence

(b) Intelligible vocabulary limited to a single word
(c) Ambulatory ability lost

(d) Ability to sit lost

(e) Ability to smile lost

(f) Stuporous or comatose

X X X X X0 X X X O

NA, not applicable; O, present; x, absent
? Copyright 1984 Barry Reisberg
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Deficits Distinguishing Amentia from Dementia

It should be noted that the nature of deficits in amentia secondary to developmen-
tal disabilities do not necessarily follow the FAST developmental hierarchy.
Hence, Table 6 describes the functional deficits in a 27-year-old man with Down’s
syndrome, whose intelligence quotient is 17. Although his speech is limited to only
a few words, he is not incontinent and can still handle the mechanics of toileting.
His parents need to supervise his bathing and assist him in choosing his clothing.
Apart from difficulty in tying his shoelaces, he is capable of putting his clothing
on properly, once it has been selected for him.

These deficits are very different from those which occur in uncomplicated
SDAT. An Alzheimer’s disease patient capable of toileting and continence can
still speak with some degree of fluency. Similarly, a normal toilet-trained child is
capable of articulating numerous words. Hence, functional deficits of develop-
mental amentia may be distinguished from both the pathology of SDAT and
from normal human functional development.

Distinctions Between SDAT and Normal Human Development

It should be noted that, although functional losses in SDAT occur in the reverse
order of the functional gains of normal human development, in many other ways,
SDAT deficits are not comparable to the normal developmental process. Clearly,
the somatic gains of human development are not paralleled by somatic losses in
SDAT. In terms of CNS functions, the emotional changes arising in SDAT, as
outlined in axis 8 (Table 1) and described elsewhere in greater detail (Reisberg
1983; Reisberg and Ferris 1985) are not in general analogous to human emotional
growth. However, the cognitive changes of SDAT as outlined in axes 1-4, 9, and
10 (Table 1) do appear to occur in the reverse order to which these functions are
acquired in normal human development. The most succinct explanation for these
striking parallels is that the deficits of SDAT reflect bilateral cortical degener-
ation, just as the gains in normal human development are largely the result of cor-
tical maturation.

Conclusion

Impressive strides have been made over the past few years in our understanding
of SDAT. Notably, advances have been made in the clinician’s ability to diag-
nose, differentially diagnose, and manage the illness. Perhaps the most important
of these advances is the very recent development of Functional Assessment Stag-
ing of SDAT. This procedure and its utility for the medical profession in diagnosis
and differential diagnosis have been outlined here. The hope for the future is that
the improved ability to diagnose and stage SDAT will assist in the elucidation of
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the etiology and treatment of this major illness of later life. For the present, im-
proved diagnosis, differential diagnosis, and management should be of immediate
value to SDAT patients, their families, and to geriatric patients in general.
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Assessment of Cognition and Affective Symptoms
in Dementia

R.C. Mons?!, B.S. GREenwAaLD!, D.D. DunN!, and K. L. Davis?

Clinical Features of Dementia

The most prominent symptoms of dementing illnesses are a loss of various cog-
nitive abilities, particularly memory, language, praxis, and judgment. For pa-
tients with dementia of the Alzheimer type (DAT), the clinical incidence of these
symptoms has been documented in several series, some involving biopsy-proven
cases (Coblentz et al. 1973; Sim and Sussman 1962) and other involving clinically
diagnosed cases (Liston 1977). Clinical descriptions of patients with proven cases
of multiinfarct dementia (MID) have not appeared in great detail, but what ev-
idence is available suggests that there is considerable overlap in the symptoms of
DAT and MID (Hachinski et al. 1975; Liston 1977). Thus, any assessment of
symptom severity in patients with either of these two kinds of dementia must in-
clude measures of memory, language, praxis, and, if possible, judgment.

Although cognitive impairments are the most characteristic symptoms of the
dementia syndromes, other symptoms, including agitation, psychosis (viz., delu-
sions, hallucinations, neurologic signs, and affective abnormalities) may also be
present (Sim and Sussman 1962; Liston 1977). Of these other symptoms, changes
in affect have received the most attention for two reasons. First, the presence of
depressive symptoms in patients with dementing illness increases the difficulty in
differentiating patients with depression from those with dementia. This is particu-
larly true for patients with early dementia, when cognitive impairments may be
mild. Second, the fact that patients with biopsy-proven dementia may show pro-
minent depressive symptoms (Sim and Sussman 1962) raises the possibility that
there may be at least some biologic abnormalities which are shared by both pa-
tients with dementia and those with depression.

Our purpose is to review briefly recent work from the Clinical Research
Center of the Bronx Veterans Administration Medical Center on the assessment
of cognition and affective symptoms in patients with dementia. First, some tradi-
tional measures of cognition and affect which are unlikely to be very useful for
dementia patients are reviewed. Secondly, the Alzheimer’s Disease Assessment
Scale (ADAS), an instrument developed specifically to assess symptoms of DAT
is discussed. Finally, a study investigating the relationship of depressive symp-
toms to biological markers for depression is reviewed.
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Traditional Measures
Cognitive Function

The most widely used tests of cognitive function can be divided into at least two
classes. One is the group of mental status exams, such as the test of Blessed et al.
(1968) and the Mini-Mental State (MMS) Test devised by Folstein et al. (1975).
Both of these tests were designed to provide an overall index of mental function-
ing in patients with dementia. They have the virtues of being short and relatively
easy to administer, and the items generally have some face validity. In addition,
scores on the test of Blessed et al. (1968) have been shown to correlate with the
extent of neuropathologic changes in patients with DAT. However, some of the
cognitive impairments typically seen in dementia, especially dysphasia and dys-
praxia, are not specifically evaluated by the Blessed scale. While the MMS does
evaluate memory loss, dysphasia, and dyspraxia, its brevity prevents it from
measuring these functions in as much detail as might be desirable in a clinical drug
trial. That is, small but clinically meaningful changes might go unrecognized with
the MMS. Moreover, both the MMS and the Blessed text exist in only one form,
so that repeated testing over time is difficult.

A second kind of traditional test used in the evaluation of dementia patients
includes the psychometric tests, such as the Wechsler Adult Intelligence Scale
(WAIS) (Wechsler 1958). The principal difficulty with these tests is that they are
not designed to evaluate specific disease symptoms. Thus, it is often difficult to
interpret scores on such tests in terms that are clinically meaningful. Also, many
of the items on tests like the WAIS require that the patient be able to follow verbal
instructions. Since the memory and language impairments of dementia often
make this impossible, low scores by demented patients on such tests are difficult
to interpret.

Thus, neither the standard mental status tests nor the standard psychometric
tests are ideal for evaluating symptom severity in clinical trials with demented pa-
tients. Mental status exams are very useful as screening instruments but do not
provide enough symptom detail for clinical trials. Most psychometric tests do not
target disease symptoms and are often too difficult to give meaningful data in
clinical populations.

Affect

Two general strategies have been used to evaluate affective changes in clinical
populations. One is to have patients rate their own mood on a series of items, as
is done in the Zung Self-Rating Scale for Depression (Zung 1965). A second strat-
egy is to have a trained clinician rate various symptoms related to mood on a scale
after interviewing and observing the behavior of the patient. The latter strategy
is employed in scales such as the Hamilton (1960) Depression Rating Scale. For
patients with dementia, it appears that the second strategy for evaluating de-
pression has advantages over the first. As noted above, the cognitive impairments
of demented patients often make it impossible for them to understand instruc-
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tions necessary to complete self-rating instruments. Thus, self-rating instruments
may give meaningless data.

When using an observer rating instrument, however, it is not intuitively obvi-
ous which symptoms should be rated. It is worth noting that symptoms on the
Hamilton Scale are similar, but certainly not identical to, those used to make the
diagnosis of major depression according to the Diagnostic and Statistical Manual
III (1980) of the American Psychiatric Association. A minimal requirement
would be to construct rating scale items so that they have both high reliability be-
tween raters and reasonably high retest reliability over short periods of time.
Beyond that, it would be desirable to show that the symptoms rated have some
biologic significance.

New Measures

Alzheimer’s Disease Assessment Scale (ADAS)

Given the deficiencies described above in many of the traditional instruments
used to assess cognition and affect, a series of studies were undertaken to develop
an assessment instrument specifically for patients with dementia. Although the
scale has been designed for patients with DAT, it is likely to be of use in evaluat-
ing symptom severity in patients whose dementia stems from some other cause.
Much of the work done to validate this scale has been described in a previous pub-
lication (Rosen et al., 1984). Here, we present only a summary of the scale’s prin-
cipal characteristics. The ADAS was designed to have the following features: (a)
it should assess all the principal cognitive and behavioral symptoms found in pa-
tients with DAT, (b) it should be simple enough to be administered in a short pe-
riod of time (less than 1 h), (c) it should have high reliability between raters and
between patients over short periods of time, and (d) it should be sensitive to
changes in symptom severity, ranging from mild to severe, for a broad range of
patients.

A total of 40 items were includes in the original version of the ADAS
(Table 1). These items were selected to satisfy the first criterion listed above. Early
on, it was determined that all of these items could be given to DAT patients in
less than 1 h (criterion b). To maximize the sensitivity of the scale (criterion d,
items of different degrees of difficulty were included to assess each major symp-
tom area. As an example, tests of both word recall and word recognition were in-
cluded to assess memory, since recall, as the more difficult test, is likely to be sen-
sitive to early memory impairment, while word recognition can measure memory
performance even in patients unable to recall words (Mohs et al. 1985). Similarly,
to asses language naming, items of high, medium, and low frequency were in-
cluded, since naming difficulty is known to be a function of word frequency
(Barker and Lawson 1968).

Both the interrater and test-retest reliability of individual items were deter-
mined in a longitudinal study (Rosen et al. 1984). At baseline, all items were
scored by two independent raters to determine interrater reliability. A follow-up
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Table 1. Original version of the Alzheimer’s Disease Assessment Scale (40 items)

1. Spoke language ability 21. Uncooperative: testing
2. Comprehension of spoken language 22. Uncooperative: home, unit
3. Recall test instructions 23. Aggressiveness: verbal
4. Word-finding difficulty 24. Aggressiveness: physical
5. Excessive talking 25. Lack of initiative

6. Poverty of speech 26. Socialization

7. Paraphasia: semantic 27. Delusions

8. Paraphasia: phonemic 28. Hallucinations

9. Palilalia 29. Pacing

10. Echolalia 30. Fidgeting

11. Following commands 31. Psychic anxiety

12. Naming: objects, fingers 32. Motor activity: increase
13. Construction: drawing 33. Motor activity: decrease
14. Ideational praxis 34. Tremors

15. Orientation 35. Insomnia: early

16. Word recall 36. Insomnia: middle

17. Word recognition 37. Insomnia: late

18. Tearful 38. Nocturnal confusion
19. Depressed mood 39. Daytime sleeping
20. Concentration/distractability 40. Appetite change

Table 2. Condensed version of the Alzheimer’s Disease Assessment Scale (21 items)

1. Spoken language ability 11. Word recognition

2. Comprehension of spoken language 12. Tearful

3. Recall test instructions 13. Depressed mood

4. Word-finding difficulty 14. Concentration/distractability
5. Following commands 15. Uncooperative: testing

6. Naming: objects, fingers 16. Delusions

7. Constructions: drawing 17. Hallucinations

8. Ideational praxis 18. Pacing

9. Orientation 19. Motor activity: increase

10. Word recall 20. Tremors

21. Appetite change

evaluation at 1 month was done to determine retest reliability. Table 2 presents
the 21 ADAS items that were found we have both satisfactory interrater and re-
test reliabilities. As can be seen from the table, the shorter version of the ADAS
still retains enough items to cover all of the principal symptoms common in de-
mentia patients. In comparison to the original 40-item version, the shortened ver-
sion contains a higher proportion of cognitive as opposed to behavioral and af-
fective items. Nevertheless, several items related to depression are included in the
final version, since they could be related reliably and were stable over time.

Depression in DAT

Although the study with the ADAS clearly demonstrates that some symptoms of
depression in patients with DAT can be rated, a number of questions remain. One
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is whether depressive symptoms vary systematically with any other clinical char-
acteristics of patients with dementia, and a second is whether there are distinct
biologic characteristics associated with the appearance of depressive symptoms
in patients with dementia. To investigate these questions, a study was recently
completed in our laboratory involving patients with clinically diagnosed DAT.
The majority of findings from this study have recently been reported (Greenwald
et al. 1985). Each of a series of patients was evaluated by an experienced geriatric
psychiatrist with regard to the presence of depressive symptoms. Since it was not
clear exactly which symptoms might be most important, the entire list of major
and minor symptoms compiled by Nelson and Charney (1981) was evaluated in
each patient. Major symptoms were those consistently found to be associated
with endogenous or biologic depression (e.g., agitation, retardation, severly de-
pressed mood), while minor symptoms were those which often appeared even in
patients not having endogenous depression (e.g., sleep disturbance, weight loss,
poor appetite). The number of major and minor symptoms present in each DAT
patient was recorded. Of interest to the present purpose was that the number of
major depressive symptoms was greater in patients with senile (over age 65) onset
and that the number of major symptoms correlated positively with the severity
of dementia as measured by the Memory and Information Test (Roth and Hop-
kins 1953), a simple mental status exam. Minor symptoms of depression were un-
related to any clinical variables. These findings provide indirect support for the
notion that depressive symptoms in DAT are a direct result of biologic factors
and are not simply a psychological reaction to stress.

More direct data relevant to this point was obtained by administering the
dexamethasone suppression test (DST) to 22 patients evaluated for depression.
Previous investigators (e.g., Raskind et al. 1982; Spar and Gerner 1982) have
demonstrated that patients with DAT often escape cortisol suppression by dexa-
methasone just as patients with endogenous depression do. However, the present
study (Greenwald et al. 1985) was designed to determine whether escape is in any
way related to depressive symptomatology. In all, 11 of 22 patients with DAT es-
caped suppression of dexamethasone at 8 a.m., 3 p.m., or 11 p.m. There was some
tendency for senile onset cases to escape more frequently than presenile onset
cases, although the trend was not statistically significant. Most interesting was the
positive correlation between the level of cortisol at 8 a.m. and the number of ma-
jor depressive symptoms. No correlation with minor symptoms was found. This
result provides additional support for the notion that depressive symptoms in pa-
tients with DAT are the results of a biological abnormality. They also raise the
possibility that there is at least some biochemical abnormality common to both
dementia and endogenous depression.
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The AGP System: Assessment of Symptoms
in Psychogeriatric Patients

S. KaNowskl, H. KRUGER, and K.-P. KUHL !

Development of the AGP System

The AGP system was developed by the Association for Gerontopsychiatry to fa-
cilitate the assessment of psychopathologic conditions in the elderly. This instru-
ment permits the gathering of standardized data on psychiatric inpatients, outpa-
tients, and partially hospitalized patients, usually aged 65 years and older. It was
designed as a comprehensive assessment system suitable for the routine recording
of clinical findings and for special research in gerontopsychiatry. However, for
specific research problems it might be necessary to collect additional information
by means of other instruments.

The first edition of the AGP system was elaborated by the Department for
Gerontopsychiatry of the Free University of Berlin and the Psychiatric Clinic of
the University of Lausanne (L. Ciompi and S. Kanowski, unpublished; Ciompi
and Kanowski 1981). In working out the present, revised documentation system,
the Departments of Gerontopsychiatry of the University of Diisseldorf and of the
Psychiatric Clinic in Cologne-Mehrheim and the Department of Neurology of the
University of Freiburg also collaborated (Ciompi et al. 1985).

The development of a special documentation system for gerontopsychiatry
proved necessary because of the particularities of mental illness in the elderly.

Initial suggestions for an instrument of gerontopsychiatric documentation
were published by Frost et al. (1971), based on the experience accumulated
through the documentation system of the Arbeitsgemeinschaft fiir Methodik und
Dokumentation in der Psychiatrie (the AMP system, Scharfetter 1972). The AMP
system is a well-known psychiatric documentation system that has been in wide
use in German-speaking countries for many years. Taking into account the pro-
posals of Ciompi et al. (1972, 1973), the first edition of the AGP system was
worked out by L. Ciompi and S. Kanowski (unpublished). For purposes of com-
parability, this AGP version relied heavily on the AMP. In particular, the section
on psychopathologic assessment conformed to the AMP as closely as possible. To
complement this instrument, documentation concentrating on social data was de-
veloped by Hermann (Hermann 1972 and U. Hermann, unpublished).

The entire AGP syster'n, including the documentation of social data, was
tested in a multicenter study (Bolm et al. 1973a,b; Junkers et al. 1976; Lieberz
1978) to evaluate its practicability. The results of this study and the development
of new theoretical concepts led to a revision of the AGP system in the follwing
years. In comparison with the first edition, more detailed information on specific

1 Abteilung fiir Gerontopsychiatrie, Psychiatrische Klinik der Freien Universitit Berlin,
Reichsstrale 15, 1000 Berlin 19, FRG

Senile Dementia of the Alzheimer Type
Ed. by J. Traber and W. H. Gispen
(© Springer-Verlag Berlin Heidelberg 1985
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aspects of the socioeconomic status of elderly patients can now be recorded. The
section on psychiatric history has also been reorganized and extended to improve
its validity. Finally, the part dealing with neurologic disturbances was completely
revised to allow for more accurate recording of the results of neurologic exami-
nations.

In the meantime, a revised version of the AMP system , designated the AMDP
system, had been published (AMDP 1981). The modifications of the AMDP sys-
tem and the insights gained through experience with it were also taken over by
the AGP in order to maintain comparability. To increase conformity, the scale
graduations introduced in the AMDP system were adapted and the items of the
revised AGP were constructed so as to correspond to them.

Organization of the AGP System

The AGP system consists of four integrated sections: anamnesis, psychopatho-
logic symptoms, somatic signs, and diagnoses. Although the psychopathologic
assessment section is identical to that of the AMDP system for such categories
as mood, delusion, and drive other characteristics of geriatric conditions are an-
alyzed much more extensively in the AGP system, including for example “dis-
orders of attention and memory”” and “social and nursing needs.” Special atten-
tion is also devoted to the comprehensive assessment and gradation of organic
brain syndrome (OBS), including operational definitions of its symptoms. Neuro-
logic symptoms and somatic signs are also analyzed in more detail than in the
AMDP system.

All items in the system are defined in a detailed glossary so as to permit the
uniform practical application of the instrument. To ensure the comparability of
the AMDP and the AGP systems, definitions of items belonging to both systems
are identical and marked accordingly in the glossary. A thorough knowledge of
the AGP system is essential to its proper use. In order to increase the reliability
of the rating process, psychiatrists or clinical psychologists who are not familiar
with this system are advised to undergo training supervised by an experienced ex-
aminer. Training should include actual or filmed psychiatric interviews, followed
by independent ratings. Discussion of rating inconsistencies supplements train-
ing.

The entire AGP system consists of six forms, which can be read by an optical
mark reader, as with the AMDP system. The first form (Fig. 1) elicits demo-
graphic data valid at the time of examination, e.g., “age,” “marital status,”
“nationality,” “household composition,” “education,” and “occupation.” The
second form (Fig.2) comprises items which deal primarily with the psychiatric
history of the patient and his family, including the patient’s previous psychiatric
and nonpsychiatric illnesses and the number of psychiatric admissions and suicide
attempts. The current episode of illness and any treatment the patient may have
received immediately prior to referral may be described in detail. Forms 3 and 4
(Figs. 3,4) provide for a comprehensive assessment of psychopathology. A total
of 176 items covering a broad range of psychopathologic behavior are divided
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AGP Part 1. Demographic Data

CLINIC/HO. STUDY RATER DATE EXAM / /

PT INITIALS PT. NO. PERIOD

STATUS IN ouT PART OTH

SEXM _F__ RACEW__B__I__O OTH
BIRTHDATE / /
M D Y
1. SOURCE : Primary __ Secondary = Both ___ NA
2. AGE: NA
3. MARITAL STATUS: Single  Mar'd  Sep'd _ Div.__ Widw__ Cohab__ NA__
4. NATIONALITY: Citizen by birth  Naturalized _ Alien __ Stateless___NA
5. CHILDREN: A. Number: O 1 2 3 4 5 25  NA_
B. Presently Living: 61 2 3 4 5 __>5 NA
6. SIBLINGS: A. Number: 0O 1 2 3 4 5 _>5 NA
B. Presently Living: 01 2 3 4 5 _>5__ NA__
C. Twin: Y N NA
7. RELIGION: Protestant _  Roman Catholic _  Hebrew __ None__
Other (Specify) NA
8. RELIGIOUS CONVICTION: Weak Average Strong_ NA
9. TRUSTEESHIP: Y _ N__ NA

10. GUARDIANSHIP: Y _ N NA

11. RESIDENTIAL SETTING: Urban Suburban____ Rural __ NA__

12. RESIDENTIAL STATUS: A. Present residence: Own Home___  Rental Accom._
Subtenant___ Indep. geriatric___ Supervised geriatric____ Nursing home__
General/psychiatric hosp.__ No Fixed Address _ Other _ NA___

B. Institutional residence: Pat. __  Spouse _ Pt/Spouse___ NA
13. HOUSEHOLD COMPOSITION (excluding pt): Spouse__ Children___ Siblings____
Parents  Grandchildren __ Other__ NA_
14. HOUSEHOLD INCOME STATUS: A. Level: Dependent _ Marginal __ Adequate _ NA___
B. Income Source: Pension _ Salary  Capital Assets
Social Agency_  Other  NA
C. Number Supported by Income: 1 23 4 5 >5___NA
15. EDUCATION:
Completed Partial NA

Special Education

Elementary (1-8)

High School (9-12)

College

Graduate School

NA

Fig. 1
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AGP Part 1. Demographic Data (continued)

16. VOCATIONAL TRAINING:

47

Completed Partial NA

Apprenticeship

Business/Technical School

Other:

17. OCCUPATION
A. Level Patient Spouse
Highest Highest
Attained Last Job Attained Last Job
Homemaker

Homemaker-2nd job

Student

Self-employed Worker

Self-employed Entrepreneur

Major Professional

Minor Professional

Skilled Worker

Semiskilled Worker

Unskille¢ Worker

NA

B. Presently unemployed: Y N__ NA

18. RETIREMENT: A. Not retired _ Retired usual___ early _ late _ NA
B. Voluntary Involuntary No job NA

19. FREETIME ACTIVITIES: Y N_ NA___
20. SOCIAL RELATIONSHIPS:

A. Objective: Frequent Seldom __ None__ NA_

B. Subjective: Satisfying _  Unsatisfying NA
21. PREVIOUS CARE: None _  Spouse__ Family Frienq___

Charitable Religious Agency

Health Facility

Other Gov/t Agency

Other (specify) NA
22. REFERRAL SOURCE: Self _  Spouse/Family __  Physician __ Clinic/hosp
Service Agency___ Other (specify) NA_
23. TYPE OF ADMISSION: Voluntary Involuntary NA
24. REASON FOR ADMISSION: Suicidal attempt _  Dangerous/self
Dangerous/others__ Other (specify) NA__

Fig. 1 (cont.)

into 20 major categories corresponding to conventional classifications of psycho-
mental functions, such as disorders of consciousness, perception, or affect and

disturbances of drive and psychomotility.

Special attention has been given to providing careful operational definitions
of OBS. Assessment of OBS proceeds in two ways. First the examiner makes a
generalized assessment of the severity of the symptoms exhibited by the patient
using a scale of three (Fig.4). The individual pattern of symptoms must then be
evaluated on symptom by symptom basis. These symptoms are categorized under
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AGP Part 2. Psychiatric History

CLINIC/HOSP STUDY RATER DATE EXAM / /
M D Y
PT. INITIALS PT. NO. PERIOD
STATUS IN our PART OTH
SEX M _F_ RACE W__B_I__O_ OTH
BIRTHDATE / /
u D Y

25. FAMILY PSYCHIATRIC HISTORY:
A. 1st Degree Relatives: None Suspected Confirmed Hosp. NA
B. Distant Relatives: None Suspected Confirmed Hosp. NA

26. PREVIOUS NON-PSYCHIATRIC ILLNESS: No CNS Oth Org Diseases NA

79 %%
8 B & S B &
o 5 o o 5 A
o A o O A
o 2 W 3 o % W 3
s 0 g o S n g b
. o 3 0 O « . o B8 0 [
A. CNS Diseases 2 a o uz B Other Organic Z » 0 wu zZ
Inflammatory o Inflammatory o
Trauma o Trauma o
Tumor o Tumor o
Constitutional o _ Constitutional _ o _
Intoxication o Intoxication o _
Epilepsy o Metabolic o
Surgical o o _ Cardiovascular _ _ _ _ _
Surgical o
27. PREVIOUS PSYCHIATRIC ILLNESS:
None None Suspected Confirmed Sequelae  NA
Constitutional/
childhood illness
Endogenous illness
Exogenous illness
Psychoneurotic reactions
Addiction
Alcohol Hypnotic/analgesic Opiate Other NA
28. NUMBER OF PREVIOUS PSYCHIATRIC ADMISSIONS:
0 1 2 3 4 5 >5 Undetermined NA
29. SUICIDAL ATTEMPTS:
A. Numbers: O 1 2 3 4 ) >5 NA

B. Most recent attempt: 1mo__ <6émo__ <lyr <5yr >5 yr___ NA
30. PRESENT ILLNESS: (Items 31-36) Reliable__ Unreliable _
31. FIRST MANIFESTATION: <1 yr  1-<5 yr _ 5-<10 yr __ >10 yr__ NA_
32. NUMBER OF PREVIOUS EPISODES:

0 1 2 3 4 5 >5 Undertermined NA

33. COURSE OF ILLNESS:
A. Type: Acute Intermittent Chronic NA

B. Direction: Improving Static Worsening NA

Fig. 2
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AGP Part 2. Psychiatric History (continued)

34. PRESENT EPISODE:
A. Duration: >1 wk <1 mo <6 mo <l yr <1 yr NA

B. Symptoms during last week: Lessening Static Worsening NA

C. Severity during last 3 mo.:

(1) Somatic: Mild Moderate Severe NA

(2) Psychosocial: Mild Moderate Severe NA

35. PRIOR TREATMENT (Present episode):

A. Status: Outpt Partial Hospitalization Inpt NA
B. Psychopharmacological Rx: Neuroleptic Antidepressant Lithium
Anxiolytic Hypnotic Anticonvulsant NA

Other (specify):

C. Pharmacological Rx: Digitalis Antihypertensive Antidiabetic
Geriatric NA

Other (specify):

D. Nonpharmacological Rx: Psychotherapy Social Service

ECT Other NA

36. TREATMENT PROVIDER (prior to present admission):
None GP Internist Psychiatrist NA

Other (specify)

Fig. 2 (cont.)

the following headings: “disturbances of orientation,” “disorders of attention and
memory,” and “formal disturbances of thinking” (Fig.3). Memory function, as
a central feature of OBS, has been split into subitems reflecting disorders of recent
and remote memory and memorization of specific subjects. Furthermore, hy-
permnesia of remote memory, ecmnesia, and forgetfulness can be recorded sepa-
rately. Finally, localized brain dysfunctions, such as aphasias, agnosias, and
apraxias can be documented either on a general level or in detail on Form 4
(Fig.4). Further items included in this form deal with circadian disturbances and
sleep and vigilance disturbances. Several items reflect social and nursing needs de-
scribed in terms of activities of daily living. Somatic symptoms are specified on
the fifth form (Fig. 5), which consists of two major parts, “general somatic distur-
bances,” and “neurologic disturbances” and permits a detailed description of
these disorders. Form 6 (Fig. 6) furnishes space for noting as many as three psy-
chiatric and four somatic diagnoses, according to the International Classification
of Diseases (ICD, 9th revision).

As stated above, special emphasis has been placed on documenting symptoms
of OBS. With the AGP system, it is possible to record data on two levels, allowing
for both standardized global assessment and individualized documentation of
symptom profiles. We believe that both approaches are essential to advancing our
knowledge of OBS by improving the comparability of research results. This seems
of particular importance for the following research topics:

1. Evaluation of the basic symptoms of OBS, their variability and interaction and
the elaboration of OBS subtypes. For instance, there is growing evidence in the
literature that lability and shallowness of affect is not statistically correlated
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AGP Part 3. Psychopathological Symptoms

CLINIC/HOSP

PT INITIALS

STUDY

DATE EXAM / /

BIRTHDATE / /

M D Y
SEXM__F__ RACE W__B

PT NO.

PERIOD

STATUS IN__OUT _PART OTE _

TIME SPAN RATED TODAY <1 wk_ <1

DIS.

DIS.
6.

12.

13.

14.

16.

17.

18.

19.

20.

21.

22.

23.

AB MI MO SV NA

CONSCIOUSNES
Lowered

0o 1 2 3 9
Narrowed

o 1 2 3 9
Clouded

o 1 2 3 9
Hypnagogic

0o 1 2 3 9
Parasomnia

0o 1 2 3 9

ORIENTATION 0

Time

o 1 2 3 9
Place

o 1 2 3 9
Situation

o 1 2 3 9
Self

o 1 2 3 9

. ATTENT/MEM. 0
Apperception

o1 2 3 9
Concentration
o 1 2 3 9
Memorization
o 1 2 3 9
Mem. numbers

o 1 2 3 9
Mem. words

o 1 2 3 9
Mem. objects

o 1 2 3 9
Mem. forms

o 1 2 3 9
Mem. people

o 1 2 3 9
Mem. colors

o 1 2 3 9
Recent memory
o 1 2 3 9
Remote memory
o1 2 3 9
Forgetfulness
o 1 2 3 9
Ecmesia

o 1 2 3 9
Hypermnesia

0o 1 2 3 9

mo

24.

25.

26.

DIs.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

>l mo__

AB MI MO SV NA

Confabulat .

o 1 2 3 9
Paramnesias
o1 2 3 9
Suggestibility
o1 2 3 9

THINKING 0

Inhibited

o 1 2 3 9
Retarded

o 1 2 3 9
Circumstantial
o 1 2 3 9
Restricted
o1 2 3 9
Perseverative
o 1 2 3 9
Rumination

o 1 2 3 9
Pressured

o1 2 3 9

Flight of ideas

o 1 2 3 9
Tangential

o 1 2 3 9
Blocking

o 1 2 3 9
Incoherence

o 1 2 3 9
Neologisms

o 1 2 3 9
Accelerated

0o 1 2 3 9
Impaired abstraction
o1 2 3 9
Conceptual impairment
o 1 2 3 9
Impaired judgment

o 1 2 3 9

FEARS, COMPULSIONS Q

43.

44.

45.

46.

Suspiciousness

0O 1 2 3 9
Hypochondriasis
o1 2 3 9
Phobias

o 1 2 3 9
Obsess. thoughts
o 1 2 3 9

S. Kanowski et al.

Fig. 3
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47.

48.

AB MI MO SV NA

Compul. impulses
0o 1 2 3 9
Compul. actions
0O 1 2 3 9

DELUSIONS 0

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

DIS.

63.

64.

65.

66.

67.

68.

DIs

69.

70.

71.

72.

73.

74.

DIs.

75.

Delusional mood
0 1 2 3 9
Del. perceptions
0o 1 2 3 9
Sud. del. thoughts
o1 2 3 9
Delusional idea
o1 2 3 9
System. del

0o 1 2 3 9
Del. dynamics

o 1 2 3 9
Del. reference
o1 2 3 9
Del. persecution
0 1 2 3 9
Del. Jealousy
o1 2 3 9
Del. guilt

o 1 2 3 9
Del. impoverish
0o 1 2 3 9
Hypochond. del.
o1 2 3 9
Del. grandeur
o1 2 3 9
Other del

o1 2 3 9

PERCEPTION _ 0
Illusions

01 2 3 9
Verbal halluc.
o1 2 3 9
Other auditory
o1 2 3 9
Visual halluc.
o 1 2 3 9
Bedily halluc.
0o 1 2 3 9

Olfact/gust. halluc.

o 1 2 3 9

EGO 0
Derealization
o1 2 3 9
Depersonalization
0O 1 2 3 9
Broadcasting

0o 1 2 3 9
Withdrawal

o 1 2 3 9
Insertion

0o 1 2 3 9
Other influences
o1 2 3 9

AFFECT 0

Perplexity
01 2 3 9

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

DIS.
96.

97.

98.

99.

101.

102.

103.

104.

105.

106.

107.

AB MI MO SV NA

Loss feeling
0o 1 2 3 9
Blunted

0o 1 2 3 9
Loss vitality
o1 2 3 9

Depression

o 1 2 3 9
Hopelessness
o1 2 3 9
Anxiety

01 2 3 9
Euphoria

0o 1 2 3 9
Dysphoria

o 1 2 3 9
Irritability

0 1 2 3 9
Inner restless.
o1 2 3 9
Complaintative
o1 2 3 9
Inadequacy

o 1 2 3 9
Exag. self-esteem
o0 1 2 3 9
Feelings of gquilt
0O 1 2 3 9

Impoverishment
o 1 2 3 9
Ambivalence

o 1 2 3 9
Parathymia
o1 2 3 9
Lability

o 1 2 3 9
Incontinence
o 1 2 3 9
Rigidity

o1 2 3 9

DRIVE/MOTILITY _ O
Lack drive

o1 2 3 9
Inhibit. drive
0o 1 2 3 9
Stuporous

01 2 3 9
Inc. drive

o1 2 3 9
Motor restless.
01 2 3 9

Parakinesia

0 1 2 3 9
Mannerisms
o1 2 3 9
Histrionics
o1 2 3 9
Mutism

o 1 2 3 9
Logorrhea
o1 2 3 9
Negativism

o 1 2 3 9
Indecisiveness

01 2 3 9

Fig. 3 (cont.)
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AGP Part 4. Psychopathological Symptoms

CLINIC/HOSP STUDY RATER
PT INITIALS PT NO. PERIOD
DATE EXAM / /

M D Y

SEXM_F_RACEW B _I__ O OTH

STATUS IN_OUT _PART _OTH _

BIRTHDATE / /
M D Y
TIME SPAN RATED TODAY <1 wk <1 mo >1 mo
108. PSYCHOORGANIC SYNDROME _ 0
Site Local Diffuse NA

109. Aphasia

0o 1 2 3 9
110. Agnosia

o 1 2 3 9
111 Apraxia

0o 1 2 3 9

AB MI MO SV NA

LOCALIZED BRAIN DYSFUNCTION 0
FRONTOPARIETAL DIS. __9
112. Frontal aprax.

o 1 2 3 9
113. Facial aprax.

o 1 2 3 9
114. Prefront. I.S.

0o 1 2 3 9
115. Frontobasal I.S.

o 1 2 3 9
116. Motor aphasia

0o 1 2 3 9
OCCIPITAL DIS. _ 0
117. Color/recogn.

o 1 2 3 9
118 Color/naming

0o 1 2 3 9
119. Color/visual.

0o 1 2 3 9
120. Visual agnosia

0o 1 2 3 9
121. Prosopagnosia

o1 2 3 9
122. Dysmorphopsia

o 1 2 3 9
PARIETO-OCCIPITAL DIS. __9
123. Stereocagnosia

0 1 2 3 9
124. Somatagnosia

Severity MI MO sV
Duration (yr) <1 1<2 3<4 4<s 5<6
<10 NA

AB MI MO SV NA

GLOBAL PERFORMANCE DIS. 0

0 1 2 3 9

AB MI MO SV NA

125. Anosognosia
o 1 2 3 9

126. Conduction aphasia
0o 1 2 3 9

127. Alexia
o1 2 3 9

128. Agraphia
o 1 2 3 9

129. Acalculia
o 1 2 3 9

130. Ideomotor apraxia
o1 2 3 9

131. 1Ideational apraxia
o 1 2 3 9

132. Construc. apraxia
o1 2 3 9

TEMPORAL DIS. _ 0

133. BAmnestic aphasia
0 1 2 3 9

134. Sensory aphasia

01 2 3 9

CIRCADIAN DIS. 0
135. Worse in AM
01 2 3 9
136. Worse in PM
0o 1 2 3 9
137. Better in PM
o 1 2 3 9
138. Nighttime exacerb.
o 1 2 3 9
139. Symp. alternation
0o 1 2 3 9

DIS. SLEEP/VIGILANCE _ 0

140. Diff. fall asleep
o 1 2 3 9

141. 1Interrupt. sleep
o1 2 3 9

142. Early waking
o 1 2 3 9

S. Kanowski et al.
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AGP Part 4. Psychopathological Symptoms (continued)

143.

144.

148.

149.

DIS.
150.

151.

152.

153.

158.

159.

160.

162.

AB MI MO SV NA

Prolonged sleep
o 1 2 3 9
Shortened sleep
0o 1 2 3 9
Night restless.
o 1 2 3 9
Night confusion
o1 2 3 9
Drowsiness

o1 2 3 9
Day-night reversal
0o 1 2 3 9
Inc. dreaming

o 1 2 3 9

SOCIAL BEHAVIOR _O
Soc. withdrawal

o 1 2 3 9
Exces. soc. contact
o 1 2 3 9
Aggressiveness

0o 1 2 3 9
Suicidal

o 1 2 3 9
Self-mutilation

o 1 2 3 9
Lack feel. ill

o 1 2 3 9
Lack insight

o 1 2 3 9
Uncooperativeness
o 1 2 3 9
Dissimulation

o 1 2 3 9
Self-neglect

o 1 2 3 9
Refuse nourish.

0o 1 2 3 9
Dec. libido

o 1 2 3 9
Inc. libido

o 1 2 3 9

SOCIAL - NURSING O

163-.

164.

165.

Financial needs
o 1 2 3 9
Housekeeping
o 1 2 3 9
Cont. med. care
o 1 2 3 9

AB MI MO SV NA

166. Walking

o 1 2 3 9
167. Dressing self

o 1 2 3 9
168. Pers. hygiene

o 1 2 3 9
169. Eating

o 1 2 3 9
170. Leisure activities

o 1 2 3 9
171. Transportation

o1 2 3 9
172. Chewing disturb.

0o 1 2 3 9
173 Bedridden

0o 1 2 3 9
174. Urinary incontin.

0o 1 2 3 9
175. Fecal incontin.

o 1 2 3 9
176. Smearing

o 1 2 3 9
RELIABILITY

ADDITIONAL EXAMINATIONS O

01 2 3 9

EKG Y

EEG Y

Echoencephal-
ography Y

CAT

Scintiscan

Dopplersono-
graphy

Angiography

ENG

LP

PEG

EMG

Psych. Tests

RCBF

Other
(Specify)

K

KKK KKK KK

Fig. 4 (cont.)
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with deficits of memory and orientation. Results of our own research using the
AGP system for symptom evaluation underscore these findings (Gutzmann
1984).

The relationship between psychopathologic signs and morphological (as

shown by CR or NMR) or functional changes (as evidenced by EEG, CBF,
or PET) is presently neither sufficiently established nor well-elaborated. While
the development of highly sophisticated technological approaches cannot be
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AGP Part 5. Somatic Signs

CLINIC/HOSP
PT INITIALS
DATE EXaM __ / /

STUDY
PT NO.

M D Y

RATER

PERIOD___

SEX M_F_RACE W B I O OTH

BIRTHDATE / /

M D Y

STATUS IN_ OUT__PART OTH _

13.

14.

15.

16.

19.

20.

21.

GLOBAL STATE OF HEALTH

Good Fair

Poor

AB MI MO SV NA

SOMATIC DISORDERS

CARDIOVASCULAR DIS. O

Insufficiency
o 1 2 3 9
Dysrhythmia

0o 1 2 3 9
Hypertension

o1 2 3 9
Other

o 1 2 3 9
RESPIRATORY DIS.
0o 1 2 3 9

GASTROINTESTINAL DIS.

Hypersalivation
o 1 2 3 9
Dry Mouth
o1 2 3 9
Nausea

o1 2 3 9
Constipation
o 1 2 3 9
Diarrhea

0O 1 2 3 9
Other

0 1 2 3 9

UROGENITAL DIS. _9_
Renal Insuff.

o1 2 3 9
Micturition dist.

o 1 2 3 9

Other

SKELETOMUSCULAR DIS.
o1 2 3 9
METABOLIC DIS. 0
Diabetes mellitus

o 1 2 3 9

Other

o1 2 3 9
CHRONIC PAIN

o 1 2 3 9

CHRONIC CONSUMPT. PROC.

o 1 2 3 9

OTHER SOMATIC DIS. O

Blurred vision
o 1 2 3 9

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

AB MI MO SV NA

o

Excessive sweating
o 1 2 3 9
Chills

o 1 2 3 9
Excessive thirst

o 1 2 3 9
Reduced thirst

o 1 2 3 9
Excessive appetite
o 1 2 3 9
Decreased appetite
o1 2 3 9

Headache

o1 2 3 9
Dizziness

o 1 2 3 9
Other

o 1 2 3 9

NEUROLOGICAL DISORDERS 0

AB LT BO RT NA
OLFACTORY DIS.
o 1 2 3 9

VISION DIS. _O
Central visual

o 1 2 3 9
Peripheral visual

o 1 2 3 9
Central gaze paresis
o 1 2 3 9
Oculomotor paresis

o 1 2 3 9

36. Optkinetic nystagmus

37.

38.

39.

40.

41.

o 1 2 3 9
Spontaneous nystagmus
o 1 2 3 9

HEARING DIS. 0O
Middle ear

o 1 2 3 9
Inner ear

o1 2 3 9

CENTRAL MOTOR DIS. O

Hemiparesis
o 1 2 3 9
Paraparesis
o1 2 3 9

S. Kanowski et al.
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AGP Part 5. Somatic Signs (continued)

AB LT BO RT NA

42. Quadriparesis 59.
c 1 2 3 9
60.
CENTRAL SENSORY DIS. _9_
43. Hemihypesthesia 61.
0o 1 2 3 9
44. Tranverse
o 1 2 3 9 62.
PERIPHERAL MOTOR DIS. _9_
45. Distal 63.
o 1 2 3 9
46. Proximal 64.
o 1 2 3 9
47. PERIPHERAL SENSORY DIS: 65.
0o 1 2 3 9
66.
SPINAL CORD LES _9_
48. Cervical
o 1 2 3 9
49. Thoracic 67.
c 1 2 3 9
50. Sacrolumbar 68.
0O 1 2 3 9
EXTRAPYRAMIDAL DIS. O
51. Rigidity — 69.
0o 1 2 3 9
52. Gross tremor 70.
o 1 2 3 9
53. Fine tremor 71.
0o 1 2 3 9
54. Akinesia 72.
01 2 39
55. Akathisia
o1 2 3 9
56. Acute dyskinesia 73.
0o 1 2 3 9
57. Tardive dyskinesia 74.
o 1 2 3 9
75.
COORDINATION DIS. O
58. Intention tremor 76.

01 2 3 9

AB LT BO RT NA

Pointing ataxia

c 1 2 3 9
Postural ataxia

c 1 2 3 9

Gait ataxia

o1 2 3 9
PRIMITIVE REFLEX O
Perioral reflex

o 1 2 3 9
Grasp reflex

o 1 2 3 9
Palmomental reflex
o 1 2 3 9
Other

o 1 2 3 9
EQUILIBRIUM DIS.

o 1 2 3 9

BULBAR DIS. O
Speaking

o 1 2 3 9
Swallowing

0 1 2 3 9

CEREBRAL SEIZURES _9_
Gen. primary

o 1 2 3 9

Gen. secondary

o 1 2 3 9

Focal

0 1 2 3 9
Unclassified

0 1 2 3 9

OTHER CNS O
Peripheral___
o 1 2 3 9
Central

o 1 2 3 9
Psychogenic

o 1 2 3 9
HANDEDNESS

0-4 5-9 10-14 9 Fig. 5 (cont.)

overlooked, there is still a lack of reliable instruments permitting the compre-
hensive and detailed recording of psychopathology. Our own research with the
AGP data base including CT, EEG, and psychometric tests, has indeed re-
vealed interrelationships which have proved to be of clinical importance

(Gutzmann et al. 1982).

. Evaluation of therapeutic and rehabilitative treatment. There is a growing in-

terest in developing new pharmacologic and behavioral approaches to coun-
teract the destructive and incapacitating consequences of dementia. However,
most research on means of evaluating the efficacy of therapeutic interventions
has not produced convincing results. Poor operationalization and standardiz-
ation of psychopathology appears to be a main defect, which at present pre-
cludes the reliable and objective assessment of the efficacy of variuos therapeu-

tic measures.
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AGP Part 6. Diagnoses

CLINIC/HOSP STUDY RATER SOMATIC DIAGNOSES None
PT INITIALS______ PT NO.___ PERIOD 1. Name
DATE EXAM__ / / STATUS IN_OUT _PT OTH _ Code
M D Y
SEXM_F__ RACE W_B I_O_Oth ICD-9 Section: E__ N__ Y
BIRTHDATE / / Diagnostic Certitude: MI__ MO __ HI__
M D Y
CLINICAL EXPERIENCE (years) Age at First Manifestation:
<L 1-<8_ 3-S5 >5_ 0-20__ 21-30__ 31-40__ 41-50 _
PSYCHIATRIC DIAGNOSES 51—60_ 61—-70_ 71-80___ >80
ICD-9_  DSM-III____ Certitude (Age): MI__ MO __ HI__
1. Name 2. Name
Code Code
ICD-9 Section: E__N Y ICD-9 Section: E__ N__ Y
Diagnostic Certitude: MI__ MO__ HI___ Diagnostic Certitude: MI__ MO__ HI
Age at First Manifestation: Age at First Manifestation
0-20__ 21-30__ 31-40__ 41-50__ 0-20__ 31-30__ 41-50__ 51-60___
51-60__ 61-70__ 71-80__ >80__ 51-60__ 61-70__ 71-80__ >80 __
Certitude (Age): MI__ MO__ HI _ Certitude (Age): MI__ M HI
2. Name 3. Name
Code Code
ICD-9 Section: E__N__ Y _ ICD-9 Section: E__N__ Y
Diagnostic Certitude: MI__ MO__ HI__ Diagnostic Certitude: MI__ MO__ HI__
Age at First Manifestation: Age at First Manifestation
0-20__ 21-30__ 31-40__ 41-50__ 0-20__ 21-30__ 31-40__ 41-50__
51-60__ 61-70__ 71-80__ >80__ 51-60__ 61-70__ 71-80__ >80__
Certitude (Age): MI__ MO__ HI__ Certitude (Age): MI__ MO_ HI_
3. Name 4. Name
Code Code
ICD-9 Section: E__N__ Y ICD-9 Section: E__N__ Y
Diagnostic Certitude: MI__ MO__ HI__ Diagnostic Certitude: MI__ MO__ HI__
Age at First Manifestation: Age at First Manifestation
0-20 __ 21-30__ 31-40__ 41-50__ 0-20__ 21-30__ 31-40__ 41-50__
51-60__ 61-70__ 71-80__ >80_ 51-60__ 61-70__ 71-80__ >80 __
Certitude (Age): MI__ MO__ HI Certitude (Age): MI__ MO __ HI _

Fig.6
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Evaluation of the AGP Documentation System

The first methodological study using the revised AGP documentation system was
carried out to determine interrater reliability for the psychopathologic assessment
section (Andrae 1979). Prior to the beginning of this study, several training
sessions had been performed to increase the raters’ awareness of psychogeriatric
disorders. In the study, videotapes of preliminary examinations of 30 patients
were shown to a group of four psychiatrists during their internship. After the rat-
ings had been completed, no discussion among the raters was allowed. The video-
tapes which were rated consisted of interviews with patients of the Department
of Gerontopsychiatry of the Free University of Berlin and includes three groups
of ten patients each, with depressive, paranoid, or organic syndromes. Seven of
the 30 patients were male, with a mean age of 69 years, 23 patients were female,
with a mean age of 68 years.

For the purpose of data analysis, items rated mild, moderate, or severe were
counted as present, whereas items marked “no answer,” or “absent’ were scored
as “absent.” For methodological reasons, only items that at least one rater had
marked as present for 15% of the patients were included in the analysis. Follow-
ing this criterion, 78 of the 183 items constituting the psychopathological section
were analyzed.

Although interrater reliabilities were evaluated in different ways, we restrict
ourselves here to the results obtained by calculating Cohen’s kappa (Bartko and
Carpenter 1976; Woggon et al. 1978). Kappa is a chance-corrected percent agree-
ment measure making possible an estimate of the reliability of two or more raters
by comparing the observed percent agreement with the percent agreement by
chance. A test of significance of kappa (different from zero) is to divide kappa
by its standard deviation. The resulting ratio is an approximate standard normal
test statistic.

Kappa calculations were carried out in two ways, first, by taking pairs of the
four raters and second, by pooling all the raters. We restrict ourselves here to the
reliability scores obtained by considering all raters.

No assessment was available for 17 items because methodological difficulties
prevented the interpretation of kappa. In all, 40 symptoms showed good or mod-
erate interrater reliability, with a kappa coefficient greater than or equal to 0.4.
Good or moderate agreement was noted in particular for the headings “disorders
of attention and memory,” “disorders of global performance,” and “disturbances
of orientation.” Another 21 items had low reliability, with a kappa coefficient of
less than 0.4. These critical items were concentrated under the heading “formal
disturbances of thinking.”” This result might well be due to the fact that this head-
ing mainly contains items which are nosological nonspecific, for example, “re-
striction” and “rumination.” Apparently, pathologically specific symptoms are
more clearly defined than pathologically nonspecific ones, which in turn allows
a more precise evaluation. Another explanation might be that the raters were
more adequately trained with regard to recognizing pathologically specific
items.
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At present, initial efforts are being made to reduce the number of items of the
psychopathologic symptom section by using a factor-analytic technique. Calcula-
tions determining factors which can be used as a basis for describing psycho-
pathologic syndromes are to be made. Classifying psychopathologic syndromes
is important for several reasons. They can yield reliable data for the measurement
of change over time in therapeutic studies. Furthermore, it may be of interest to
determine whether the psychopathologic syndromes established on a factor-ana-
lytic basis correspond to the classic psychiatric diagnoses.

Psychopathologic findings of 204 patients admitted to the polyclinic of our de-
partment from July 1981 to December 1983 have been included in this ongoing
study. For theoretical reasons, only those items which may contribute toward ex-
plaining variance are to be included in the calculations. This involves only 85
items of the psychopathologic symptom section which occur in the sampling of
204 patients with a frequency of at least 8 (4%). Two kinds of scales are to be em-
ployed for data analysis. The severity of the symptoms will be graded mild, mod-
erate, severe, or not present. In addition, symptoms will be encoded as “present”
or “absent.” Principal component analysis (PCA) has been chosen as a method
of statistical analysis. In the applied PCA method, the correlation matrix is not
altered; i.e., the estimates of communality are equal to 1. This method does not
require any assumptions about the general structure of the variables. By using
Kaiser’s criterion (i.e., eigenvalues greater than or equal to 1.0), this method
yields 24 factors for the scale with four graduations and 25 factors for the scale
with two graduations, explaining 75% and 72% of common variance respec-
tively. Rotating the first-factor solutions by successively maximizing the variance
(Varimax) yields about 6—12 interpretable factors. Further extensive calculations
are required to obtain stable solutions for this factor analysis. Final results will
be reported in the near future.

The revised AGP system is scheduled for publication in book form in 1985.
The AGP manual includes detailed descriptions of all items occurring in the forms
discussed here as well as advice on the use of this system. An English translation
of the AGP system has already been prepared by Guy and Ban (1985) who have
also published the English translation of the AMDP system (Guy and Ban 1982).
Adjustment of certain headings of the AGP system to fit American conventions
has been deemed necessary, however, especially for the sections canvassing demo-
graphic data. The English translation of the AGP system will be published by
Springer-Verlag at the same time as the German edition.
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Cognitive Deficits in Parkinson’s Disease

A.J. Legs!

Introduction

Motor abnormalities dominate the clinical picture of Parkinson’s disease. Brady-
kinesia, caused by severe damage to the ascending nigrostriatal dopaminergic
projection, leads to a slight hesitancy in initiating voluntary acts, a difficulty in
performing repetitive movements with a progressive reduction in their amplitude,
a poorly defined fatigue and possibly an additional defect of motor intention.
Many patients also have an inability to attend to two motor commands simulta-
neously, and more complex perceptual-motor abnormalities have also been de-
tected. Muscle rigidity, a coarse resting tremor and postural instability compound
the patient’s incapacities, all of which are exquisitely influenced by the emo-
tions.

Minor cognitive abnormalities are also an invariable but, until recently, rela-
tively neglected feature of the disease, which can be conveniently embraced under
the descriptive term bradyphrenia. In the early stages of Parkinson’s disease, most
patients have little difficulty in perceiving, learning, remembering or understand-
ing. Many continue in responsible, intellectually demanding jobs, and their ability
to appreciate the finer nuances of life appears unaffected. Nevertheless, subtle
changes in their behaviour may be apparent to their relatives and friends. A slight
lack of spontaneity, increasing poverty of imagination, a blunting of emotions
and a tendency to repetition may lead to difficulties in sustaining stimulating con-
versation. Other early complaints by the patient’s family are of an increasing ap-
athy, lack of initiative and sometimes mild word-finding difficulties. These sorts
of problems are of course common to all of us with increasing age, but seem to
be more severe and occur somewhat earlier in the parkinsonian patient.

In the last 10 years, there has also been an increasingly influential body of
thought which considers that more severe intellectual deterioration and memory
loss should be regarded as an integral feature of the disease process. It has been
suggested that Parkinson’s disease and Alheimer’s disease should be looked on
as two poles of a clinical spectrum of which the common feature is damage to the
isodendritic core (Rossor 1981). Others have suggested that a specific type of de-
mentia occurs in Parkinson’s disease as a result of damage to certain ascending
subcortical projections (Albert 1978).

In this paper, I will discuss the historical development of the term bradyphre-
nia and review some of the recent neuropsychological studies which have at-
tempted to tease out the particular cognitive defects which compose it. I will also

1 The National Hospitals for Nervous Diseases, Maida Vale Hospital, London W9 1TL, UK
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review the clinical and neuropathological data which have been marshalled to
support the view that dementia of the Alzheimer type is common in Parkinson’s
disease.

Bradyphrenia

Clinical Observations

In 1882, Benjamin Ball described seven Parkinsonian patients, all of whom were
admitted to a psychiatric hospital. He described their difficulties as follows:

“An invisible weight seems to crush the intellect and slow at the same time per-
ception, movement and ideas. .. it is evidently a case of paralysis agitans accom-
panied by dementia; one cannot help in the presence of the observed symptoms
but think of certain cases of melancholic stupor such as one sees in our mental
hospitals.”

In 1922, Naville reported what he believed to be a new psychiatric syndrome
in some of the survivors of the pandemic of encephalitis lethargica. It comprised
a diminution of voluntary attention, a lack of spontaneous interest, a loss of drive
and initiative, fatigability and a mild amnesia. Intelligence was unaffected, but the
capacity for intellectual activity was severely compromised. Those affected be-
came uncommunicative and did nothing without constant prompting. In general,
this remarkable mental slowing was mirrored by a coexisting motor retardation.
Naville recognised that the distinction between a motor or mental cause fo these
abnormalities was not easy to make. He devised a series of tests of increasing in-
tellectual difficulty in which the motor component remained the same and on the
basis of these studies concluded that, compared with controls, there was a slowing
of intellectual processing and that this bore a direct relationship to the degree of
motor slowing. Worster-Drought and Hardcastle (1924), however, using an elec-
trical apparatus to measure psychomotor reaction and cerebration times, con-
cluded that, although the former may be lengthened by 50%, the cerebration time
was unaffected.

Steck (1931) examined all the survivors of encephalitis lethargica in Swiss
mental hospitals and found bradyphrenia to be present in 43% of the 257 patients
with coexisting parkinsonian features. He also found the same symptom in 38%
of 197 postencephalitic parkinsonian patients living in the community or admit-
ted to general hospitals and, after re-examining Naville’s original cases, reported
an incidence of 38% for these patients as well. He distinguished this mental state
from dementia by the preservation of memory, judgment and orientation. Von
Economo, L’Hermitte and Aubrun also studied bradyphrenia, and all concluded
that it was a cerebral disorder. Kinner Wilson (1940) asserted that “slowness off
the mark” was actually muscular in origin and that cerebration was not slowed,
believing bradyphrenia to be psychogenically determined, caused by a depressive
apathy. Mettler (1955), on the other hand, implicated the corpus striatum in men-
tal function:
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“With hypokinesia and rigidity appeared a slowed reaction time, a loss of mental
speed and agility, a certain deliberateness and indecision or suspension of decision
without any real evidence of impairment of intellectual capacity.”

In 1965, Hassler described bradyphrenia in idiopathic Parkinson’s disease, re-
porting a delay in emotional responses, failure of attention, slowness of thinking
and indecisiveness. He speculated that these symptoms occurred as a result of cell
loss in the nucleus basalis of Meynert. De Ajuriaguerra (1971) observed fully
fledged bradyphrenia in only 9% of 204 patients, of whom 64 patients were insti-
tutionalised with Parkinson’s disease or postencephalitic Parkinson’s syndrome
and 140 were L-dopa-treated patients. However, he noted apathy in 48% and
drew attention to the links with depression.

Apparently unaware of this welter of literature, Albert and his colleagues (Al-
bert et al. 1974; Albert 1978) described a subcortical dementia in the Steele-Ri-
chardson-Olszewski syndrome, in which the cardinal features are forgetfulness,
slowness of thought, altered personality with apathy or depression and an inabil-
ity to manifest acquired knowledge. McHugh and Folstein (1975) simultaneously
reported a similar mental picture in Huntington’s chorea and in depression (Fol-
stein and McHugh 1978). The term subcortical dementia has subsequently been
used to embrace the neuropsychological deficits seen in Parkinson’s disease, lacu-
nar states and retarded depression. The absence of language disorder, amnesia,
agnosia and apraxia distinguishes it from the so-called cortical dementia of
Alzheimer’s disease. Albert speculated that the pathological substrate might lie
in the connection between the basal ganglia and the limbic system and the frontal
cortex.

Recently, Laplane and his colleagues (1984) reported three patients with pro-
found psychic akinesia occurring after toxic encephalopathies and without associ-
ated bradykinesia. In two of these patients, stereotyped complex movements oc-
curred, while in all three, computerised axial tomography revealed bilateral basal
ganglia lesions principally affecting the globus pallidus.

After a review of the extensive descriptive literature, Todes and Lees (1985)
have suggested that a particular behavioural syndrome including mental inflexi-
bility, introspection, a withholding of emotions and a predisposition to de-
pression may actually antecede the development of motor symptoms in Parkin-
son’s disease by several decades. It is not clear however whether this constitutes
an early symptom of the illness or a predisposing aetiological factor.

Neuropsychological Studies

The close similarity between bradyphrenia and some of the symptoms seen with
frontal lobe syndromes has stimulated the use of psychological test batteries
known to expose deficits in the latter group of disorders. A number of studies
have demonstrated a particular difficulty in switching mental strategies for pa-
tients afflicted with Parkinson’s disease. Barbeau (1973) was the first to point out
that parkinsonian patients had great difficulty in changing from one mental con-
cept to another. Using Goldstein’s sorting test, parkinsonian patients were found
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to have great difficulty in sorting a number of common objects on the basis of
their size, colour and various other physical characteristics. Bowen and her col-
leagues (1975) used the Wisconsin card-sorting test on 71 unselected patients with
idiopathic Parkinson’s disease and on 35 controls matched for age and WAIS ver-
bal IQ. All but 18 were receiving L-dopa, and it is not stated whether the re-
mainder were taking anticholinergic drugs or how many had had stereotactic sur-
gery. The parkinsonian patients were found to have considerable difficulty in
shifting sets and were frequently unable to attend to the completion of each cat-
egory.

Lees and Smith (1983) studied 30 mildly disabled right-handed patients with
Parkinson’s disease. None of them had received any treatment, and all had nor-
mal CAT brain scans. Patients with high ischaemia scores or depression were ex-
cluded. Similar selection criteria were used in the age-matched controls. No im-
pairment in general intellectual function or short-term verbal or visual memory
was found in the patients, but they had significantly more difficulty than controls
in switching from one concept to another and produced more perseverative errors
on both the modified Wisconsin card-sorting test and Benton’s word fluency
test.

Cools and colleagues (1984) studied 18 relatively mildly disabled L-dopa-
treated patients and 19 age- and intelligence-matched controls with a 3-h battery
of tests which included the WAIS picture completion test, digit span and similari-
ties test and the Stroop colour-word test. The selective tests employed included
a variety of tasks: naming as many animals and then professions as possible in
1 min each; a block-sorting test comprising 27 blocks differing in form, colour
and size; and an animal-sorting test consisting of two sets of 24 cards in which
the patients had to distinguish between two categories, e.g. bird versus mammal,
and then switch after several correct responses. A motor sequence test was also
carried out. It was found that the patients produced fewer names of animals and
professions, needed more trials for detecting a shift in a sorting criterion and ex-
hibited fewer finger responses on a change of pushing sequences than controls.
It was concluded that these deficits originate in a central programming deficit
causing diminished shifting aptitude and that the disorder is due to dysfunction
of the basal ganglia..

Matison and her colleagues (1982) administered the vocabulary subtest of the
WALIS, the Boston Naming test and tests for word fluency to 22 parkinsonian pa-
tients, most of whom had received L-dopa therapy but had stable deficits. Impair-
ment of confrontation naming which was capable of improvement by semantic
or phonetic cues was demonstrated, and there were also impairments of category
naming and sentence repetition. The authors suggested that a semantic retrieval
deficit for confrontation naming may be present and that some of the observed
difficulties might be due to problems in initiating a response set and in sequencing
and shifting within it. In another study, motor planning deficits as measured by
representational and nonrepresentational gestures has been reported in a group
of patients who had no physical difficulty in carrying out the required motor act.
Visuo-spatial deficits were also observed on the nonrepresentational gesture tests
(Sharpe et al. 1983). Bowen (1976) also considered that most of the problems ex-
perienced by parkinsonian patients on a route-walking test occurred when the pa-
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tients were not in the same orientation as the test requirements, which suggested
to her that a failure to switch sets competently may have been a contributing fac-
tor.

Studies carried out in patients with severe L-dopa-induced oscillations in per-
formance have shown that, compared with the striking swings in motor function,
neuropsychological changes, although apparent, are modest. Delis and colleagues
(1982) observed a general disinhibition of language, worsened memory and per-
severation in off periods as compared with on, whereas Brown et al. (1984) found
an adverse swing in affect/arousal state during the off period. Hardie et al. (1984)
also commented on a striking swing in affect between on and off periods.

Wilson and colleagues (1980) compared 20 nondemented, drug-treated park-
insonian patients with 16 controls matched for age, education and verbal IQ on
a measure of speed and accuracy in short-term memory scanning. They observed
that the capacity to scan rapidly was impaired in the elderly patients and sug-
gested that this deficit could not be totally explained by a motor abnormality but
involved a cognitive slowing as well. Evarts and colleagues (1981), however, dem-
onstrated a slight increase in simple reaction times in Parkinson’s disease, as re-
ported previously by many others, but no disproportionate or selective increase
in choice reaction times. Nevertheless, they stressed that their results did not
imply that there is no abnormality in call-up of motor programmes and em-
phasised that there is a need for further studies in which motor response is pro-
grammed to include other features. In 60 drug-treated patients, significant associ-
ations between psychomotor speed and timed and untimed visuo-spatial per-
formance was found. In this study, the severity of limb bradykinesia was predic-
tive of poor performance on the visuo-spatial tests not requiring motor speed or
coordination, and the authors suggest that cognitive impairment in Parkinson’s
disease might be due to the same subcortical lesions as those responsible for mo-
tor symptoms (Mortimer et al. 1982). The neuropsychological deficits demon-
strated in parkinsonian patients which may constitute the syndrome of bra-
dyphrenia are listed as follows:

1. Clinical features:
a) Slowness of thought
b) Inattention
¢) Perseverative tendencies
d) Apathy
e) Forgetfulness
2. Neuropsychological deficits:
a) Difficulty in switching conceptual sets
b) Perseveration
c) Attention/affect deficits
d) Slowness in mnenomic scanning
e) Perceptual-motor abnormalities
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Relationship of Depression to Bradyphrenia

Depression and Parkinson’s disease share many clinical features. Motor retarda-
tion, slowness of facial expression, a poverty of new ideas, weight loss, sleep dis-
turbances and constipation are all common to both. About one-quarter of park-
insonian patients have a severe depressive illness long before the onset of their
motor incapacities (Shaw et al. 1980), and depression has been claimed to be more
common in Parkinson’s disease than in any other chronically crippling physical
illness (Robins 1976). When both conditions occur concurrently, electroshock
therapy (Lebensohn and Jenkins 1975) can improve the mental and motor inca-
pacities. Van Praag et al. (1975) have shown that cerebrospinal homovanillilc acid
levels (HVA) are low in a subgroup of depressed patients with motor retardation
and that L-dopa treatment alleviates this symptom restoring cerebrospinal HVA
levels to normal. Other studies have also reported that L-dopa helps patients suf-
fering depression with motor retardation (Goodwin et al. 1970) and sometimes
has beneficial effects on depression occurring in Parkinson’s disease. Bromocrip-
tine has also been shown to alleviate both depression and parkinsonism in ten de-
pressed patients, but no correlation between the two effects was noted (Jouvent
et al. 1983). It seems possible, therefore, that Parkinson’s disease and depression
with motor retardation might also share some neurochemical abnormalities.

Steck (1931) discerned two postencephalitic depressive states: a neurasthenia,
which often precedes the appearance of Parkinson’s syndrome and leads to bra-
dyphrenia, and a melancholia marked by tearfulness, hypochondriasis, suicidal
thoughts and feelings of guilt and misery. De Ajuriaguerra (1971) noted that 62%
of his 204 cases of Parkinson’s disease had simple depressive states with neuras-
thenia, inertia and mild sadness. L-Dopa produced a parallel improvement in the
bradykinetic and affective symptoms in these cases. A further 10% of them had
severe melancholia which required tricyclic antidepressants. Agid and his col-
leagues (1984) have recently placed renewed emphasis on de Ajuriaguerra’s view
that retarded depression is an integral component of bradyphrenia. Support for
this also comes from a study on 55 nondemented patients in which inattention
and mild intellectual impairment were closely correlated with depressive symp-
tomatology and independent of the severity of the motor symptoms (Mayeux et
al. 1981).

Evidence for Considering Alzheimer-like Dementia
as an Integral Component of Parkinson’s Disease

According to the criteria of the Diagnostic and Statistical Manual of Mental Dis-
orders (DSM III), dementia is defined as follows:

1. A loss of intellectual ability with resulting occupational and social handicaps
2. Memory impairment
3. One or more of the following:

a) Impaired thinking

b) Impaired judgement
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¢) Aphasia
d) Apraxia
e) Agnosia
f) Constructional difficulties
g) Personality change
4. Unclouded consciousness
5. No related organic cause or nonorganic mental illness

My own clinical experience suggests that, if this definition is rigidly adhered
to, dementia is relatively uncommon even in the terminal stages of Parkinson’s
disease. Nevertheless, most recent reviews have uncritically reported dementia in
about 30% of the patients in randomly selected groups attending hospital. In
most of these reports, it is impossible to disentangle the relative contributions of
depression, medical and surgical treatment, cerebrovascular disease and normal
ageing from the effects of the diesase process itself. Nevertheless, generalised in-
tellectual impairment has also been detected in groups of patients by the use of
different neuropsychological tests (Warburton 1967; Loranger et al. 1972), and
there appears to be some clinical (Pearce 1974), histological (Forno et al. 1978;
Alvord et al. 1974; Whitehouse et al. 1981, 1983) and neurochemical overlap
(Adolfsson et al. 1979; Dubois et al. 1983) between the terminal phases of
Alzheimer’s disease and Parkinson’s disease. Cortical atrophy can also be demon-
strated radiologically in some patients with Parkinson’s disease (Selby 1968;
Sroka et al. 1981), but it is still uncertain whether this is more than an age-related
phenomenon (Pearce et al. 1981). Counting only those patients with unequivocal,
severe dementia, a review of the available clinical studies (Tables 1 and 2) before
and after the advent of L-dopa, reveals an average prevalence of about 10% at
a mean age of 65 years. This is approximately twice the prevalence of Alzheimer
type senile dementia at this age in the normal population (Kay 1972). Most of
these reports, however, are based on selected hospital populations, although in
Rajput’s broad-based population study, (Rajput et al. 1984), a comparable figure
of 9% was reported.

Loss of neurones in the locus ceruleus and the nucleus basalis of Meynert oc-
cur in both Parkinson’s disease and Alzheimer’s disease (Table 3). Lewy bodies
are the histological hallmark of Parkinson’s disease and occur in all the pig-
mented brain stem nuclei, the nucleus basalis, the adrenal medulla, the sympa-
thetic ganglia and even in the cerebral cortex of demented patients (Yoshimura

Table 1. Prevalence of severe dementia in Parkinsonian patients without L-dopa treatment

Authors Patients Mean Mean Patients
age duration with
of disease ~ dementia
() (years) (years) (%)
Mijones (1949) 194 67 - 3.2
Pollock and Hornabrook (1966) 84 67 8 5
University College Hospital, London 172 63 7.5 11

(Shaw et al. 1980)
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Table 2. Prevalence of severe dementia in L-dopa-treated patients with Parkinson’s disease

Author Patients Mean Mean Patients
age duration with
of disease  dementia
(m (years) (years) (%)
Celesia and Wanamaker (1972) 153 65.8 8 7
Sweet et al. (1976) 41 72.0 16 14
Martilla and Rinne (1976) 444 67.9 7 14
Lieberman et al. (1979) 520 67.0 6.5 32
University College Hospital, London, 48 74,0 18,5 32
(Shaw et al. 1980)
Mindham et al. (1982) 37 61.9 9 5
Rajput et al. (1984) 119 76.0 9

Table 3. Characteristic markers of Parkinson’s and Alzheimer’s disease

Nucleus CHAT Cortical Histologic marker
basalis activity neuritic in nucleus basalis of
cell (cortex and plaque Meynert
numbers nucleus count
basalis of
Meynert
Parkinson’s disease 1 —or| + Lewy body
Parkinson’s disease with W ! ++ Lewy body
dementia
Alzheimer’s disease i Wi +++ Neurofibrillary tangle
Senile dementia of ! U ++ Neurofibrillary tangle

Alzheimer type

—, same; |, slight decrease; ||, moderate decrease; |||, severe decrease; +, possible increase;
+ +, possible increase; + + +, marked increase

1983). About 10% of patients with Alzheimer’s disease have been reported to
have brain stem Lewy bodies (Forno et al. 1978). In contrast, cortical neurofibril-
lary tangles and neuritic placques are histological lesions characteristic of
Alzheimer’s disease, and tangles may also be found in certain brain stem areas
such as the nucleus basalis.

A number of retrospective clinicopathological studies have now been con-
ducted on highly selective groups of parkinsonian patients, some of which have
reported extremely high incidences of severe Alzheimer type histological abnor-
malities in the cerebral cortex (Table 4). However, the most recent study by Tom-
linson and his group from Newcastle emphasised that Parkinson’s disease and
Alzheimer’s disease are in most cases morphologically quite distinct and rejects
the extremely high incidences of Alzheimer’s disease changes reported by Hakim
and Mathieson (1979) and Boller and colleagues (1980). Nevertheless, Tomlinson
and his co-workers conclude that the histological abnormalities which charac-
terise Alzheimer’s disease and Parkinson’s disease seem to occur together too fre-
quently to be explained by chance. They also found that neuritic plaques are more
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Table 4. Postmortem studies of patients with Parkinson’s disease

Authors n Mean Clinical evidence  Alzheimer type
age of dementia histologie
(years) abnormalities

Patients Controls Patients Controls
(%) (%) (%) (%)

Hakim and Mathieson (1979) 34 75 56 6 50 3

Boller et al. (1980) 36 71 55 5 42 5
Jellinger and Grissold (1982) 100 73 58 9 33 24

numerous in some patients with Parkinson’s disease than in controls, even when
the total changes typical of Alzheimer’s disease are absent, and that this increased
plaque formation, which is often found in elderly people who are intellectually
normal, increases the chances for dementia in Parkinson’s disease.

Although a severe loss of neurones in the nucleus basalis of Meynert occurs
in Parkinson’s disease with dementia (Whitehouse et al. 1983), a considerable de-
crease in cells is frequently seen in the absence of any clinical history of dementia
(Nakano and Hirano (1984). Loss of choline acetyltransferase, a chemical marker
for cholinergic neurones in the nucleus basalis of Meynert and the cerebral cortex,
correlates well with the severity of intellectual deterioration in Alzheimer’s disease
(Perry et al. 1978). Similar correlations have been found in Parkinson’s disease
(Dubois et al. 1983). Candy et al. (1983), however, noted a substantial loss of
nerve cells in the nucleus basalis of Meynert without consistent evidence of cho-
line acetyltransferase loss, suggesting that the surviving neurones might be able
to maintain function. They also postulated that in Alzheimer-type senile de-
mentia, there may be a specific reduction in choline acetyltransferase synthesis in
the region supplying the cholinergic afferents to the cortex rather than any pri-
mary loss of nucleus basalis neurones. It seems possible, therefore, that the cho-
linergic and noradrenergic depletions which occur in the affected ascending fore-
brain structures may be more important in determining the degree of intellectual
dysfunction than either the nerve cell loss from the nucleus basalis of Meynert or
the cortical changes characteristic of Alzheimer’s disease. A reduction in intrinsic
cortical somatostatin in demented parkinsonian patients has also been reported
recently, providing a further similarity between the neurochemical abnormalities
in demented parkinsonian patients and those afflicted with Alzheimer’s disease
(Epelbaum et al. 1983).
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Differential Diagnosis: Depression Versus Dementia*

J.R.M. CopeELAND and M. E. DEwEY!

Introduction

Post (1951) and Roth and Morrisey (1952) drew attention to the importance of
distinguishing between depressive illness and dementia in hospital samples of el-
derly persons aged over 65. They pointed to the difficulty of making the distinc-
tion and its important prognostic implications. Kramer (1961) had reported dif-
ferences between the diagnostic frequencies for first admissions of the elderly to
US state hospitals and Area mental hospitals in England and Wales. Organic dis-
orders appeared to be almost twice as frequent among US admissions than UK
admissions, in contrast to functional disorders, which comprised only about one-
sixth of the proportion entering the UK hospitals. Kramer was concerned that
numbers of functional disorders, particularly depression, were being diagnosed
as organic disorders in American hospitals. The available statistics also showed
that patients admitted to US hospitals were twice as likely to die in the hospital
within 1 year of admission than those admitted to British hospitals, while British
elderly patients appeard three times more likely than their US counterparts to be
discharged within 1 year.

The US/UK Cross-national (Diagnostic) Project set out to explore this differ-
ence by examining consecutive series of admissions of elderly subjects from des-
ignated catchment areas to psychiatric hospitals serving New York and London,
using standardised methods of psychiatric examination. The project found that,
apart from a tendency for there to be more organic cases in the New York sample,
the differences between the project diagnoses were not significant. However, the
differences between the hospital diagnoses on the same patients were almost as
great as those of the national statistics (Copeland et al. 1975). We were therefore
able to conclude that differences in national statistics were not due to different
illness characteristics of the patients but rather to descrepancies in the diagnostic
criteria used by the psychiatrists.

When these patients were followed up with the same measures 3 months after
the initial interview, the disputed cases in New York, i.e. those with hospital di-
agnoses of organic disorder but project diagnoses of affective disorder, had an
outcome similar to those patients described by both hospital and project as hav-
ing an affective disorder.

* The AGECAT system was developed with funds from the World Health Organization and the
Mersey Regional Research Committee
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The method of examination included the Geriatric Mental State (GMS),
which allowed for the calculation of symptom profiles. When the mean symptom
profiles of the disputed cases were compared with those of the patients consis-
tently diagnosed as having affective disorders, certain differences appeared. The
disputed cases followed closely the profile for the undisputed cases except for high
levels of “paranoid symptoms” and “observed belligerence”, where patients were
hostile, angry and sometimes abusive to the interviewer. The project was able to
conclude that patients exhibiting these types of symptoms were likely to be mis-
diagnosed in the New York hospitals (Gurland et al. 1976). However, the out-
come of these misdiagnosed patients was similar to that of the patients with un-
disputed diagnoses of affective disorders because the New York hospital psychi-
atrists, in spite of making the diagnosis of orgnaic disorder, treated these patients
for depressive symptoms with antidepressants, and they recovered. Nevertheless,
it is by no means certain that this treatment would always be given to such a mis-
diagnosed patient.

Our subsequent studies on community samples indicate that, given adequate
examination of history and mental state, most cases of depression and dementia
in this age group can be distinguished, but that, even with the greatest care, errors
can still be made which are only revealed by outcome. At the same time, it is easy
to understand why the distinction between depression and dementia may be a dif-
ficult one. It is well known that, in the elderly, physical and psychiatric illnesses
tend to coexist. Depressive mood and even depressive illness are not infrequently
reactions to physical illness. Patients with early chronic organic brain disease may
be expected to react to failing cognitive ability by developing neurotic-type de-
pression or dysthymic disorder. An organic illness also constitutes an unpleasant
life event, and such events are known to precede cases of depressive psychosis or
major affective disorder. Tumors directly invading brain tissue are also known to
be associated with depressive illness. It is therefore not unreasonable that multi-
infarct dementia, where small areas of the brain are destroyed, might also precipi-
tate depression. Finally, depression itself, when accompanied by slowing of
thought, may simulate dementia, resulting in so-called pseudodementia.

Geriatric Mental State Schedule

We have tried to tackle the task of differential diagnosis as part of the general
problem of standardising the recording of mental state and diagnosis for research.
For the hospital studies, the US/UK Cross-national Project developed the Geri-
atric Mental State referred to above (Copeland et al. 1976; Gurland et al. 1976).
The project had already gained experience of standardised, semi-structured inter-
views to determine mental state by using the Present State Examination (Wing et
al. 1974) and the Psychiatric Status Schedule (Spitzer et al. 1970). The GMS was
constructed using items taken from both interviews to which a substantial
number of new items dealing mainly with cognitive and other symptoms of or-
ganic disorders were added. Many existing items were simplified and rearranged
for the elderly; new rating instructions were provided and a new manual prepared.
A series of “boxed items” cover important areas of pathology early in the inter-
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view, thus allowing it to be discontinued if indicated by the patient’s mental
state.

For use with community samples, a shortened form of the GMS excluding
many of the psychotic items and adding some minor symptoms was embedded
in a more comprehensive interview, the CARE (Gurland et al. 1983), covering
physical disorders, social problems and service needs and delivery. Reliability
studies between medical interviewers were undertaken and shown to be satisfac-
tory (Copeland et al. 1976).

Limited and Pervasive Depression and Dementia

To record mental state reliably is one thing, but to arrive at a reliable diagnosis
based on these recordings is another. In our earlier studies, the medical inter-
viewer made an intuitive diagnosis according to the guidelines of the World
Health Orgnaization Glossary of Mental Disorders (World Health Organization
1978). However, for the project’s comparative community studies of the preva-
lence of mental illness in New York and London, it was necessary to standardise
the method of diagnosis used; this was done by constructing an algorithm for de-
pression and dementia. This system, which it was possible to apply immediately
after the interview, also provided for degrees of severity in the illnesses by incor-
porating behavioural items from the CARE interview. Through scoring based on
five levels of severity, subjects are allotted to categories designated noncase,
limited depression or dementia and pervasive depression or dementia. Pervasive
dementia is assumed to follow a progressively declining course if intervention is
not effective, while pervasive depression is assumed to warrant treatment for the
psychiatric disturbance. Subjects with limited dementia and depression have
symptoms which do not dominate their lives.

A subsequent comparison showed good agreement between this method and
cases diagnosed as dementia and major affective disorder according to the criteria
of the Diagnostic and Statistical Manual (DSM) III (American Psychiatric As-
sociation 1980). The terms and definitions are, however, more precise than those
of DSM III, which we have found difficult to apply in practice. Using the pervas-
ive/limited method, described in detail elsewhere (Gurland et al. 1983), we were
able to demonstrate a clear distinction between dementia and depression, which
was subsequently confirmed after 1 year. Levels of pervasive depression in New
York reached 13% compared with a prevalence of 12.4% in London. However,
with a prevalence of 4.9% pervasive dementia was shown to be twice as common
in New York as in London, where it has a prevalence of 2.3%. A subsequent
study of subjects in institutional care (Gurland et al. 1979) only served to confirm
the higher proportion of organic disorders in New York. The pervasive/limited
diagnosis can therefore be useful for research: however, it relies on the use of the
CARE interview, which is more comprehensive than is generally required by stud-
ies concerned with achieving a psychiatric diagnosis for comparison with other
measures.
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AGECAT: A Computerised Diagnostic System

Recently, we have completed the first stage of a computerised diagnostic system,
AGECAT, based on the items comprising the GMS, its shorter community ver-
sion the GMSA and the CARE interview. Such a computerised system provides
a reliable method for comparing the diagnostic composition of different study
populations and for examining the consistency of individual diagnostic practice.
However, it suffers from the disadvantage of not being usable until the data are
entered into the computer. With new advances in portable computers, direct data
entry will overcome this problem.

Computerised diagnostic systems for younger subjects, Catego (Wing et al.
1974) and Diagno (Spitzer et al. 1970), have existed for some time; AGECAT uses
a somewhat different system. It condenses the 541 items of the GMS into approx-
imately 150 symptoms, which are in turn condensed into 31 symptom groups, not
simply on the basis of clinical clustering but according to the importance of their
contribution in arriving at an overall diagnosis of a particular syndrome. These
groups are then further combined to form levels of confidence in the diagnosis,
ranging from 0 to 5 in most instances, for eight diagnostic clusters. The levels of
confidence are then compared level for level according to a hierarchy of diagnoses
extending from organic to anxiety, to produce a main diagnosis, subsidiary and
alternative diagnoses if appropriate, as well as the levels of confidence for the
eight diagnostic clusters. Clinical judgement only was used to develop each stage

Table 1. Items of Geriatric Mental State (GMS) forming the symptom components of the organic
groups in AGECAT

Group A Moderate memory disturbance and time disorientation

Muddled thinking

Memory for interviewer’s name on second occasion
Knowledge of current month

Knowledge of current year

Knowledge of prime minister’s name

Identification of objects

Discrepancy between stated birthdate and age
Bland about and indifferent to errors
Perseveration

Group B Mild memory disturbance
Memory for interviewer’s name on first occasion
Rater’s opinion of memory
Knowledge of how long living at present address
Evasive

Group C Place and person disorientation and organic thought disorder

Disorientation of person

Confabulation

Disorientation of place (only included if severe or if the items relating to prime
minister’s name or indifference to errors have already been positively scored)

Rambling (only included if group A score is higher than 4 and group B score is
higher than 1)
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of AGECAT. When the AGECAT levels are compared with the psychiatrists’ di-
agnoses of the same patients, levels 3 and above seem to accord well with the psy-
chiatrists’ concept of “a case.” We have discussed the concept of “a case” else-
where (Copeland 1981; Copeland et al. to be published). At this stage, we call
cases “syndrome cases,” implying no more than that the symptoms cluster in a

Table 2. Summary of items of Geriatric Mental State Schedule (GMS) forming the symptom

J.R.M. Copeland and M. E. Dewey

components of the depressive groups in AGECAT

Group A

Group B

Group C

Group D

Group E

Group F

Mood

Depressed mood admitted

Crying

Looks or sounds depressed

Depression lasting longer than a few hours

Nonspecific symptoms

Loss of concentration

Loss of interest (3 items)

Loss of enjoyment

Tension, worries, irritability, headache (4 items)
Subjective slowing of movement and thought (3 items)
Guilt and morbid self-blame (2 items)

Avoids people and feels upset by certain relationships (2 items)
Lack of energy

Mislays objects

Indecisiveness

Suicidal feelings

Characteristic of neurotic, reactive depression or dysthmic mood

Feels worse, lack of energy in the evening (2 items)
Difficulty getting to sleep

Depersonalization

Lonely

Autonomic symptoms

Symptoms denoting severity
Pessimistic about own future
Wish to be dead

Feeling worthless

Suicidal plan or attempt

Characteristic of psychotic, endogenous depression or major affective disorder

Severe appetite and weight loss

Observed slowness of movement and speech (2 items)
Mood and slowness worst in the morning (2 items)
Early morning wakening

Unable to cry

Severely muddled thinking

Monotonous voice

Reduction in sexual interest

Delusions and hallucinations

Depressive-type delusions (3 items)

Mood-consistent auditory and visual hallucinations (2 items)
Delusions and hallucinations believed to be deserved (3 items)
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form recognised by the psychiatrist as similar to those of an illness. Syndrome
cases would include, for example, bereavement reactions, although these would
be recognised as such later in the procedure. The AGECAT system, whereby the
symptoms of each subject are related to a level of confidence for the eight diag-
nostic clusters, allows for the recording of concurrent syndromes. For example,
a patient may reach level 3 on the organic cluster and level 4 on the depressive
cluster. This allows concurrent syndromes to be identified even though the overall
AGECAT diagnosis may be one of depression. Table 1 lists symptoms forming
the groups of the organic cluster while Table 2 shows symptoms constituting the
depressive cluster. It is then possible to examine the degree of concordance be-
tween the psychiatrists’ and AGECAT diagnoses of depression and dementia for
the same patients.

Distinction Between Depression and Dementia on AGECAT Diagnosis

Three studies provide the data for the comparisons described below. The first ex-
amined a consecutive series of admissions to mental hospitals serving a desig-
nated area in London. Using the Geriatric Mental State, a standardised history
and demographic schedule, 75 patients were interviewed within 72 h of ad-
mission. They were followed up in hospital or at home 3 months after the initial
interview. For the second study, a random series of 75 patients entering a geriatric
hospital serving the same area were similarly examined (Copeland et al. 1975).
For the third study, 396 randomly selected community subjects living in Greater
London were interviewed, using the CARE schedule. Of this group, 60% were
reinterviewed 1 year later. The subjects had been located through a random sam-
pling of general practitioners serving Greater London and through a further ran-
dom sampling of their lists of patients over the age of 65. In all three studies, the
subjects were over 65 years of age, and all interviews were conducted by psychi-
atrists employed full time on the Cross-national Project. For the community stud-
ies, a case of mental illness was defined as illness sufficiently severe to warrant
professional intervention. The results have been reported in more detail elsewhere
(Copeland et al. to be published).

Results

Table 3 shows the degree of accordance between psychiatrists’ diagnoses and
AGECAT for all 541 subjects in the hospital and community samples. Data on
five subjects in the geriatric hospital were removed because these subjects were
unfit to be interviewed using the GMS, due to physical illness.

It is apparent from this table that the psychiatrists agree with the AGECAT
diagnosis in 91% of the organic cases and that AGECAT agrees with the psychi-
atrists in 82% of their cases. Five of the six psychiatrists’ diagnoses designated
noncases by AGECAT reached level 2 (borderline) on the AGECAT levels of
confidence. Eight psychiatrists diagnoses of organic disorder are designated as
depression by AGECAT,; these are examined further.



78 J.R.M. Copeland and M. E. Dewey

Table 3. Concordance between diagnoses of psychiatrists and of AGECAT for 541 subjects in
hospital and community samples (expressed as percentages)

Psychiatrists AGECAT diagnosis
diagnosis
Organic Depression Other Noncase
Organic 64 (91%) 8 6 78
Depression 1 94 (73%) 10 105
Other 1 7 17 (81%) 17 42
Noncase 4 19 4 289 (90%) 316
70 128 21 322 541

With regard to the diagnosis of depression, the psychiatrists agree on 73% of
the AGECAT cases. This lower level of agreement can be explained. Of the cases
of depression diagnosed by AGECAT, the psychiatrists considered 19 to be non-
cases. Six of these are in the geriatric hospital. Five were found to be suffering
from severe, crippling physical illness. A review of their case summaries and in-
terview schedules revealed a substantial number of depressive symptoms for each.
It is likely that the interviewing psychiatrists regarded these depressive symptoms
as a normal or “justifiable” reaction to severe physical illness and consequently
rated them as “not cases of mental illness requiring intervention.” This is however
an assumption which could be challenged. The remaining 13 cases are found in
the community sample. They are not “justifiable depressions” but, in contrast, are
physically healthy individuals who, on the evidence of their case summaries, had
suffered severe mood swings over a number of years, each episode lasting from
several hours to several days. The interviewing psychiatrists were probably cor-
rect in not designating these subjects as cases of mental illness, but the AGECAT
system will have to await the incorporation of historical data before such subjects
can be distinguished. In all, AGECAT agrees with 90% of the psychiatrists’ di-
agnoses of depression. Of the ten psychiatrists’ cases AGECAT describes as non-
cases, eight are in the community, all have depressive neurosis and all denied the
presence of depressive mood. AGECAT has a mechanism for recording cases of
depressive illness in which mood is denied, but these subjects did not reach the
case threshold.

In order to illustrate the extent of disagreement for the disputed diagnoses of
organic disorder, Table 4 shows the distribution of disputed psychiatrists’ and

Table 4. Distribution of disputed cases of organic disorders on AGECAT levels for community
and hospital samples (n=541)

AGECAT levels of confidence

(organic)
0o 1 2 3 4 5 total sample
Disputed diagnoses of psychiatrists (n=14) 2 6 6 76

Disputed AGECAT diagnoses (n=5) 0 4 1 70
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Table 5. Outcome of organic cases in community and psychiatric hospital sample (n=471)

AGECAT levels

0-2 3-5 para- depres- too ill to be
noid sion interviewed

Undisputed organic diagnoses
dementia (n=25)
acute confusional state (n=7) 4 1
Disputed psychiatrists’ diagnoses
dementia (n=4) 1 2 1
acute confusional state (n=2) 2
Disputed AGECAT diagnoses
dementia (n=2) 2
acute confusional state (n=1) 1

—
N
(==}
—
w

Division into dementia and acute confusional state made on the basis of psychiatrists’ diagnosis

AGECAT diagnoses on the AGECAT levels of confidence. Disputed diagnoses
would be expected to cluster around the borderline levels, thus reflecting the dif-
ficult decision between case and noncase for some subjects. Table 4 shows this to
hold true for the organic disorders, where most of the disputed diagnoses cluster
in levels of confidence 2 and 3. Of the eight above-mentioned cases diagnosed by
psychiatrists as organic disorder and by AGECAT as depression, six also
achieved level 3 on the AGECAT organic cluster. Thus, these are patients with
a substantial proportion of both severe depressive and organic symptoms. Unfor-
tunately, it is not possible to examine the outcome of these disputed cases. Nearly
all fell into the geriatric sample, where interviewers were faced with the additional
problem of distinguishing psychiatric from normal cases. Nevertheless, Table 5
shows the outcome of the organic cases in the psychiatric hospital and community
samples of 471 subjects. Although the data are not strictly comparable (the psy-
chiatric hospital sample was followed up after 3 months, while the community
sample was followed up after 1 year, they are grouped together for the sake of
convenience. As AGECAT does not yet identify dementia and acute confusional
states within the organic group, these subdivisions are made using the pschia-
trists’ diagnosis. As anticipated, the majority of cases of dementia still have AGE-
CAT confidence levels of between three and five at follow-up and that six of seven
acute confusional states no longer have AGECAT organic case levels at this time.
As far as the disputed cases are concerned, both the psychiatrists and AGECAT
can apparently claim to have made correct initial diagnoses in two cases each.
Table 6 shows a similar distribution on AGECAT levels of confidence for the
disputed diagnoses of depression, where the disputed psychiatrists’ diagnoses
tend not to cluster around the borderline. All the disputed diagnoses of de-
pression were designated to be depressive neurosis, except for one case of depres-
sive psychosis. For the latter, no symptoms are recorded, and it must be assumed
the illness was so severe that the interview had to be abandoned. It is likely that
the interviewer forgot to make the appropriate explanatory rating. The rest are
nearly all cases in which the patient denied his depressive mood and had few other
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Table 6. Distribution of disputed cases of depression on AGECAT levels in community and
hospital samples (n=541)

AGECAT levels of confidence

(depression)

0o 1 2 3 4 5 total sample
Disputed psychiatrists’ diagnoses (n=11) 4 3 3 1 105
Disputed AGECAT diagnoses (n=234) 31 2 1 128

Table 7. Outcome of depression cases in community and psychiatric hospital sample (n=471)

AGECAT Inconsistent Consistent
levels diagnoses diagnoses
0-2 3-5 organic paranoid manic  neurotic
Undisputed diagnoses 35 11 3 1 3
(n=53)
Disputed psychiatrists’ 5 1
diagnoses (n=06)
Disputed AGECAT diagnoses 6 7 2 1
(n=16)

recorded symptoms. Three of the patients attaining confidence level scores of 0-
had summaries indicating that, while they suffered from mood changes, they were
otherwise active people with a wide range of interests at the time of examination.
It would thus seem likely that the psychiatrists were incorrect in designating these
as cases. Of the 34 disputed AGECAT diagnoses, 31 are on the borderline, includ-
ing patients with “justifiable” depression in the geriatric hospital and subjects
with mood swings in the community. Here, AGECAT is capable of identifying
syndrome cases of depression, though not yet of dividing them into those requir-
ing or not requiring professional intervention. It should be emphasised that sub-
stantial numbers of depressive symptoms were recorded for all these subjects.

Table 7 shows the 3-month outcome for the depression cases included in the
psychiatric hospital and community samples. It may be noted that almost three-
quarters of the undisputed diagnoses are either no longer considered cases at fol-
low-up or are judged to be unchanged with respect to the original diagnosis.
Seven of the disputed AGECAT cases still achieve case levels of depression.
AGECAT is probably correct in these diagnoses. At least three of the undisputed
diagnoses of depression had become organic cases 3 months later. These cases
were not identified by either the psychiatrists or AGECAT in the initial inter-
view.

On the whole, the concordance between psychiatrists’ and AGECAT diag-
noses is probably higher than that reached in reliability studies comparing diag-
noses made by psychiatrists among themselves. The majority of the remaining
cases where there is a lack of agreement will not be resolved until historical in-
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formation is incorporated into the AGECAT system. Measures for doing this are
being tested at present.

In the total sample of 541 subjects, there were 24 cases in which AGECAT
case levels of depression were accompanied by “borderline case’ levels (levels 2
or 3) or organic disorder. AGECAT agreed reasonably well with the psychiatrists
on whether to regard these as cases of depression or organic disorder. It is worth
noting that, in the eight cases of dementia with high depression levels, all symp-
toms of depression had resolved at follow-up, leaving only organic levels.

Case-Finding Interview for Depression and Dementia (GMSA)

We are currently developing a case-finding measure of depression, dementia and
other psychiatric disorders in elderly subjects. This instrument, called the GMSA,
was developed from the data on the 396 randomly selected community subjects
in London over the age of 65 interviewed by psychiatrists. A series of linear dis-
criminant function analyses were undertaken between diagnoses of depression,
dementia and other disorders and between these and noncases. Items selected by
the discriminant scores as well as those considered important for diagnosis were
used to construct the case-finding interview, which was then applied to a random
community sample of 1,077 subjects aged over 65 in Liverpool, who were inter-
viewed by trained, nonpsychiatric interviewers. Depression and dementia scores
based on the London community sample were developed. Cases of depression
were designated as those scoring 18 or above, while cases involving organic dis-
orders were those attaining scores of four or above. Using these scores, 192 sub-
jects diagnosed as cases of depression and dementia and a proportion of noncases;
have so far been reinterviewed “blind” by psychiatrists. Table 8 summarizes data
for the 192 subjects to compare case level scores achieved on the GMSA as given
by psychiatrists; with their diagnoses after having administered the GMSA, an in-
terview for historical and onset data and an interview for early behavioural
change. Table 8 makes clear that sensitivity and specificity reached satisfactory

Table 8. GMSA case finding based on preliminary analysis of
192 interviews by psychiatrists in subjects’ own homes?

Category Sensitivity Specificity
(%) (%)
Depression score =18 96 88
Dementia score =4
Cases 100 72
Borderline cases 90 72

* Includes cases of depression, organic disorders and a random
selection of noncases interviewed blind. Cutting scores on the
GMSA compared with the diagnoses made by psychiatrists
at the time of interview using GMSA, history interview
and behaviour-change interview with informant
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levels. Borderline dementia cases are also included, as investigators may wish to
identify these. Further analyses will match psychiatrists’ diagnoses against the se-
lection of cases on the basis of scores achieved on the initial interviews given by
the trained nonpsychiatrists. The lowest level of specificity, 72%, would be ac-
ceptable for a two-stage case identification procedure, where the inclusion of
some noncases (false-positives) would be acceptable. Further refinement of this
procedure is being undertaken on urban and rural samples.
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Early Diagnosis of Dementia:
Possible Contributions of Neuropsychology

J. JoLLES!

Introduction

Assessment of the very early stages of senile dementia appears to be of relevance
for several reasons. First, it is important to differentiate between “normal’ aging
and various psychiatric and neurologic diseases, with a view toward possible in-
tervention in the disease process through biological (drugs) and nonbiological
(training, psychotherapy) methods. Treatment in an earlier stage of the disease
process can be expected to be more successful in view of the less pronounced
structural changes. There is some evidence in favor of this hypothesis with respect
to treatment with vasopressin-like neuropeptides (e.g., Jolles 1983). Secondly, in
the very early stages of senile dementia, the profile of behavioral, emotional, and
cognitive deficits the patient exhibits may give some clue as to the cause of the
disease or diseases and their pathogenesis.

Unfortunately, diagnostic aids contributing to early assessment are scarce.
This paper therefore aims at providing some information on paradigms and
methods presently used in assessing dementia and on the kind of insight they may
provide on the nature of the aging and dementing process. In addition, the current
understanding of behavioral and cognitive dysfunctions in aging and dementia is
reviewed.

Neuropsychology of Aging and Dementia
Aging

Recent reviews of cognitive functions in elderly subjects show that there is an age-
associated decline in nearly all cognitive functions tested (Jolles and Hijman 1983;
Botwinnick 1981), The “normal” aging subject is characterized by a decrease in
intellectual functioning, memory, language functions, problem-solving ability,
and perception. However, it appears that certain behavioral functions are more
affected than others. For instance, old people are not inferior in tasks in which
they can rely on well-stored skills and knowledge. Characteristically, aspects of
motor performance which have been trained for many years and which have be-
come automatic do not deteriorate as much as the ability to learn new movement
patterns. In addition, expressive language does not seem to decline with age. With
respect to memory functions, recall memory is affected more than recognition
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memory, indicating that active encoding and retrieval processes are affected more
than passive recognition.

Old people perform worse on tasks that require the processing of new in-
formation. This is especially the case in situations in which the planning of new
activities is important or the active use of coding strategies (e.g., “memory aids”)
in working memory. The term “mild senescent forgetfulness” is used to describe
the developing inefficiency in the consolidation of new information. Characteris-
tic complaints are difficulties in remembering names and recent events and the in-
creasing effort required to remember things which happened many years ago. In
addition to this sometimes handicapping memory deficit, there is a tendency to-
wards inflexibility, cautiousness, and conservatism; more effort is needed to
change an opinion. With respect to perceptual processes, incoming sensory input
seems to persist for a longer period of time and sometimes results in an increased
“iconic memory.” This “stimulus persistence” interferes with the consolidation of
new information: this is a case of the proactive inhibition often seen in elderly
people (Botwinnick 1981). The general rate of information processing decreases.
This slowness in perception, thinking, and response planning can manifest itself
as a memory deficit; when environmental stimuli change rapidly in time, only a
limited number can be held in the working memory long enough to be consoli-
dated into long-term memory.

Neuropsychologically, a clear pattern is visible in the cognitive deficits of nor-
mal aging. One common element is a link between aspects of cognitive function-
ing and frontal-lobe functioning. In this view, stimulus persistence, proactive in-
terference, lack of behavioral planning, deficient memory search, and other def-
icits can all indicate less efficient frontal-lobe functioning (Luria 1973, 1980;
Fuster 1980). Interestingly, there is morphological evidence that areas in the
frontal lobes degenerate already in people aged 40-50 (Haug this volume). With
respect to memory consolidation, limbic areas on the hippocampal and dience-
phalic levels must be involved (Newcombe 1980; Luria 1980). It remains to be
seen whether a general decrease in the rate of information processing is specifi-
cally related to the ascending fiber system, according to a hypothesis based on
Luria’s model of brain-behavior relationships (1973, 1980).

Senile Dementia

No evidence has been found until now that the pattern of cognitive deficits typical
of senile dementia of the Alzheimer type (SDAT) is different from that seen in
“normal” aging (see Jolles and Hijman 1983), especially with respect to the earlier
stages of the dementia. The performance of demented subjects is significantly in-
ferior to that of age-matched controls on all functions tested, but the deficits of
the former exhibit no distinct pattern. Thus, more or less profound deterioration
is found with respect to perception, memory, language, higher cognitive func-
tions, planning, rate of information processing, and other cognitive functions
(Jolles and Hijman 1983; Miller 1981). Along with the deficits seen in normal sub-
jects, SDAT patients also reveal diminished capabilities with respect to recogni-
tion memory and verbal IQ measures, which stay at a fairly constant level in nor-
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mal aging. Interestingly, clear differences seem to exist in the pattern of cognitive
deficits seen in other types of dementia. For instance, the (pre) senile dementia
of the Pick type shows especially pronounced behavioral disturbances and deficits
in the planning and organisation of behavior. These deficits are characteristic of
dysfunctions of the frontal lobe. Incidentally, these frontal signs are much more
pronounced than in the normal aging process which was discussed in the preced-
ing section. This neuropsychological interpretation is in line with current knowl-
edge on the cerebral substrate of Pick’s disease, which appears to be a fairly spe-
cific degeneration of frontal lobe areas (see Strub and Black 1981). In addition,
those dementias arising primarily from vascular disorders (multi-infarct de-
mentia) can in principle be differentiated from SDAT because there is more ev-
idence for focal deficits. (For example, a patient revealing modality-specific def-
icits for complex visual material and spatial disorientation, though no memory
deficit for verbal material, almost certainly does not suffer from a primary degen-
erative dementia, but may have had an infarct confined to right-hemisphere struc-
tures).

It has been suggested that the behavior typical of the various SDAT stages
may parallel comparable stages of neuroanatomical degeneration (Jolles and
Hijman 1983). More specifically, the temporal sequence of the development of
cognitive deficits in SDAT suggests that there might be a degeneration of associ-
ation areas in the neocortex occurring as a result of the degeneration of ascend-
ing fibers projecting to the neocortex. This hypothesis is primarily based on the
observation that subjects in the very early stages of dementia do not show neocor-
tical — higher cognitive — deficits, but do show consolidation deficits (limbic sys-
tem) and slowness (ascending fibers). After degeneration of the higer-order, non-
modality-specific association areas (see also Luria 1973, 1980), a further degener-
ation affects the sensory association areas, whereas the primary sensory projec-
tion areas stay relatively intact until very late in the disease process. This appears
from the fact that aphasia, apraxia, and agnosia (behavioral manifestations of
cortical involvement) develop in later stages of the disease process. Furthermore,
ability to perform simple motoracts is preserved (activity of the primary motor
cortex and premotor area). Likewise, severely demented patients are still capable
of the use of syllables and phonemes (but not words) in undirected babbling. Sup-
port for this neuropsychological hypothesis comes from histologic investigations
providing evidence that several cortical areas remain relatively intact during the
course of the disease (Brody and Vijashankar 1977; Hanley 1974) and from the
correlation between the extent of cortical degeneration (number of senile plaques)
and poor test performance (Blessed et al. 1968).

Methods of Early Assessment

Psychometry

Generally, standard tests have increased our knowledge of how deficits develop
in normal aging and dementia. Unfortunately, although this knowledge has been
applied to groups of elderly subjects and patients as a whole, no psychometric
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tests appear sensitive and reliable enough to be used in the early assessment of
disorders in individuals. The advantages of psychometric tests are that they are
standardized and that published norms are generally available. In addition, they
are easy to administer and usually have good reliability.

A general drawback of the psychometric approach is that the use of test scores
does not necessarily make it possible to identify the cognitive deficits that underlie
the performance changes. Traditionally used tests allow only a fairly crude es-
timation of cognitive functions and, in addition, do not properly differentiate be-
tween different aspects of these functions. This is a consequence of the empirical,
nontheoretical nature of these tests, which have been developed for purposes
other than for use with brain-damaged subjects. For example, the Digit-Symbol
subtest of the Wechsler Adult Intelligence Scale (WAIS) is the most sensitive
among the 11 subtests, showing the greatest difference between the performance
of young and old adults (Botwinnick 1981). However, it is not clear whether psy-
chomotor slowing, poor learning or retrieval of the digit-symbol codes, poor vi-
sual motor coordination, or all of the above are responsible for the poor per-
formance of aged subjects (Poon 1983).

The psychometric test measure thus gives a quantitative index of below-aver-
age performance, without any clue as to the nature of the cognitive deficit and
the underlying cerebral substrate. In other words, psychometric tests generally
measure performance and not cognitive functions. Consequently, they do not al-
low a proper differentiation of different aspects of these functions, and this limits
their use both in the assessment of the early stages of senile dementia and in dif-
ferential diagnosis.

A second drawback of the traditional psychometric tests is the relatively long
time needed for test administration, when compared with the amount of data that
the test or test battery yields. For instance, the administration of the WAIS takes
several hours and yields only 11 (subtest) scores when the test are used in the clas-
sic way. These scores are usually converted into two scores for Verbal IQ and Per-
formal 1Q, which are often combined to yield the total IQ. Another test battery,
the Halstead Reitan Neuropsychological test battery (HRNTB; administration in
5-6 h, has the drawback that standard norms are available for subjects up to 55
years of age, but not for older subjects.

Apart from the use of standardized test batteries (HRNTB, WAIS, the Ne-
braska battery), several more specific psychometric tests are used for the determi-
nation of deficits in aging and dementia, especially those concerning aspects of
memory processes (see Jolles and Hijman 1983). Characteristically, the resulting
quantitative data are used for the analysis of group differences (e.g., “young” ver-
sus “old” adults). Generally, the quantitative results do not lend themselves to use
in individual diagnosis, especially in distinguishing early dementia from other
syndromes. More recently, there has been some movement toward using psycho-
metric tests and test batteries in a less rigid and more qualitative way (e.g., Lezak
1983; Goodglass and Kaplan 1979). Proponents of such an approach use quan-
titative results and more qualitative signs; however, no published data are avail-
able as yet on the use of this new approach in the early diagnosis of senile de-
mentia (see “Behavioral and Cognitive Testing: An Integrated Approach” be-
low).
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Information Processing

Investigations of cognitive processes in the psychological laboratory have gener-
ally made use of an information-processing paradigm. The strength of this ap-
proach is the theoretical framework, which attempts to examine cognitive pro-
cesses by analyzing behavior in terms of quantifiable components and qualitative
patterns. Information-processing tasks are characteristically broken down into
subtasks, and reaction time measurements are used to probe into the different
stages of information processing (e.g., Brand and Jolles 1985).

The use of information-processing tasks developed in the psychological labo-
ratory and later adapted for use in clinical testing is still in its infancy. The Stern-
berger Memory Comparison Task (Sternberg 1975) which has been used exten-
sively in the laboratory, has been employed in group comparison studies and to
determine the efficacy of drug trials but not in psychodiagnosis on an individual
basis. However, a recently developed paper-and-pencil version appears to be a re-
liable and sensitive task which can be combined with clinical neuropsychological
tests (Jolles and Gaillard 1985). Data obtained with this test suggest that the in-
tercept of the Reaction-time — Set-size function increases with age. This suggests
that aging is associated with a decreased rate of perception and motor per-
formance (Jolles and Hijman 1983), but has no effect on the rate of memory
search. However, an increased slope in demented subjects characterized by some
aspects of frontal lobe dysfunctioning suggests a fairly specific effect on search
processes.

Other information-processing paradigms have been recommended for use in
geriatric psychopharmacology (Poon 1983). These methods might also be of im-
portance in the clinical assessment of subjects suspected of suffering from incip-
ient dementia. According to Poon, these paradigms assess common behavioral
complaints both in community-dwelling elderly and in elderly patient popula-
tions. Large amounts of data have been obtained on speed, accuracy, and re-
sponse patterns, expecially with respect to the following functions: ability to at-
tend and concentrate, to make dexisions quickly, to acquire and retrieve new in-
formation, to retrieve familiar information (naming), and to manipulate spatial
information. It is again important to note that inferences are made with respect
to aspects of cognitive functioning through the use of reaction time measure-
ments. Poon (1983) recommends and describes the following procedures for use
in geriatric assessment: (a) measurement of the alerting function to assess atten-
tion/arousal; (b) measurement of choice reaction time to assess decision-making
processes; (¢) measurement of continuous recognition memory to assess retrieval
from primary and secondary memory; (d) measurement of naming latency to as-
sess retrieval from tertiary memory; (¢) measurement of mental rotation to assess
spatial processing. A detailed description and rationale of these prcedures can be
found in Poon (1983).

It is of interest to note that several psychometric tests which have been in clini-
cal use for several decades can be used as an information-processing task: One
example is the Stroop test (see Lezak 1983), which consists of three subtasks
measuring (a) the speed at which color names are read, (b) the speed at which
colors are named, and (c) the speed at which the color of printing ink is named
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when there is interference from the printed color name. An interference score can
be calculated by subtracting the time scores 3-2. This is a relatively pure index
which is not contaminated by a perceptual or motor component. A similar pro-
cedure can be performed with the Trail-Making test (see Lezak 1983). The sub-
traction of time scores gives a timed measure for the ease with which a concept
shift is made (here, shifting between letters and digits, Vink and Jolles, in prep-
aration).

Behavioral Neurology

A different approach toward assessing cognitive functioning relevant to geriatry
has been developed by the Russian neuropsychologist A. R. Luria, who has elab-
orated a model of brain-behavior relationships to serve as a basis for an extensive
neuropsychological investigation. His approach consists of a set of procedures
which systematically assess the different aspects of cognitive functioning. The
method Luria developed, which has become known in the adapted version of
Christensen (1975), is qualitative and flexible in nature:
1. Motor functions
simple movements, dynamic organization
oral praxis
speech regulation of the motor act
2. Acoustico-motor organization
perception and reproduction of pitch and of rhythmic structures
3. Higher cutaneous and kinesthetic functions
cutaneous, muscle, and joint sensation
stereognosis
4. Higher visual functions
visual perception
spatial orientation
intellectual operations in space
5. Impressive speech
phonemic hearing
word comprehension
simple and complex grammar
6. Expressive speech
articulation
reflective speech
nominative speech
narrative speech
7. Writing and reading
word analysis and synthesis
writing
reading
8. Arithmetic skills
comprehension of number structures
arithmetic operations
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9. Mnestic processes

learning processes
retention and retrieval
logical memorizing

10. Intellectual processes
thematic pictures and texts
concept formation
discursive intellectual activity

According to this method, more than 250 simple tasks are given to the subject,
ranging from tests for simple and complex motor acts and perceptual, language,
and memory functions to tests for higher cognitive functions. Total administra-
tion time is 1-2 h. In essence, Luria’s method aims at generating hypotheses con-
cerning specific disabilities and testing these hypotheses by a proper choice of
small tasks. For instance, with respect to memory functions, he discerns between
memory for visual forms (“draw the figures that you saw’’) and verbal material
(“write the words you saw”). Both the learning performance and the sensitivity
to interference by homogenous or heterogenous material are measured (e.g., re-
membering three words after “interference” in the form of three other words or
a visually presented scene). In addition, the formation of a stable intention to
memorize or to associate is assessed in addition to several other aspects of mem-
ory (Luria 1976). Luria used his method originally in the examination of brain-
injured subjects, and the tests have provided important information in assessing
the location of brain injuries and in planning rehabilitation programs. More re-
cently, it has appeared to be effective in determining “functional” psychiatric ill-
ness of “organic” patients (Purisch et al. 1978) as well as in the assessment of
SDAT (Ernst et al. 1970; Sulkava and Amberla 1982; see “Stages in Dementia”
below).

Luria’s investigation is essentially an example of behavioral neurology. The
administration of the tasks is systematic but nonstructured. Its main advantage
is the fact that the assessment schedule is based on a theory of brain-behavior re-
lationships, thus making it possible to offer an interpretation with respect to the
aspect or part of a functional system affected. This approach gives rise to a wealth
of data which has more coherence than the data derived from a battery of stan-
dard psychometric tests. A main disadvantage of the procedure is its qualitative
nature, which necessitates extensive training and reduces interobserver reliability.
In addition, the lack of quantifiable data prohibits the use of the paradigm in the
assessment of treatment efficacy or of cognitive decline in individual subjects.
However, used in combination with psychometric tests and information-pro-
cessing tasks, it can provide important information on the selective nature of cog-
nitive defects in elderly subjects and SDAT (see “Behavioral and Cognitive Test-
ing: An Integrated Approach”). Recently, attempts have been directed at quan-
tifying the results of Luria’s neuropsychological investigation. Unfortunately, the
Luria-Nebraska battery (Golden et al. 1979), a structured and semiquantitative
test series, has lost the flexibility and richness of the original method, in addition
to having several other shortcomings (Adams 1984 and several references cited
there).
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Behavioral and Cognitive Testing: An Integrated Approach

Because the psychometric, the information-processing, and the behavioral-neuro-
logical approaches all have their strengths and weaknesses, it may be more fruitful
to use them in combination for the early assessment of SDAT and related dis-
orders. The assessment procedure used for this purpose in our clinic is a combi-
nation of a qualitative behavioral-neurological examination and quantitative
methods derived from psychometry and information-processing paradigms. The
procedure is first to get a qualitative impression of the total range of cognitive
functions (see p. 89). When signs indicating a possible deficit are revealed, a more
detailed investigation is carried out to explore them further. Other qualitative
tests are employed in order to determine whether there is indeed a deficit and to
ascertain its specific nature. These tests are then followed by quantitative methods
which “measure” the deficit and relate it to existing norms. This approach has
several advantages. First, it is possible to make a profile of a broad range of cog-
nitive functions. For instance, it is fairly easy to indicate the aspects of cognition
which reveal no deficits. Second, the numerous observations increase the reliabil-
ity of the eventual interpretation. Third, the duration of the neuropsychological
investigation has been decreased as a result of the relatively shorter duration of
the qualitative tests. Fourth, hypotheses based on a thorough knowledge of
brain-behavior relationships are tested. Finally, much emphasis is given to patho-
gnomonic signs, or clear signs of existing pathology. The psychometric tradition
does not usually pay attention to these signs.

The test series used to assess early dementia in our clinic consists of the fol-
lowing tests and tasks: (1) the Luria-Christensen test battery described above; (b)
a 15 word learning test giving information on the use of active coding strategies,
consolidation versus retrieval, rate of retrieval, and sensitivity to interference
(Luria 1976; Brand and Jolles 1985); (c) the Utrecht memory comparison task
evaluating rates of perception, motor output, and memory comparison (Jolles
and Gaillard 1985), (d) the Stroop Interference task (naming; retrieval of words,
and color names, color-word interference; Lezak 1983); (¢) the adapted version
of the Trail-Making test (rate of perception, retrieval of letters, and flexibility in
concept shifting; Lezak 1983); (f) the Road Map test (left-right discrimination,
evaluation, mental rotation; Lezak 1983); and (g) the Symbol-Digit Modalities
test of general speed of perception and motor output, Lezak 1983). In addition
to this test series, a variety of other tests explore any specific deficits found more
deeply. These tests are either chosen from standard batteries (e.g., tapping test
from HRNTB or the block design test of the WAIS) or consist of experimental
tasks used in an ad hoc fashion (e.g., experimental tasks designed to assess deci-
sion speed, tactile functions or the dichotic listening task).

Luria used syndrome analysis as a means of describing the profile of cognitive
strengths and weaknesses in his subjects. Specifically, the syndrome he described
appears to involve particular brain structures, for instance, the frontal areas, as
seen in deficits relating to many different functional systems, such as persever-
ation in motor function, proactive memory interference, a flat learning curve on
a word-learning test, and disabilities in shifting concepts among others. A similar
syndrome analysis also appears to be important in conjunction with test methods
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such as those described here, enabling a profile of a subject’s cognitive strengths
and weaknesses at a given moment to emerge. A profile analysis of this type is
an attempt to simplify a picture which might otherwise contain too much in-
formation to be intelligible. Examples of this approach are discussed in “Neuro-
psychological Contributions to Differential Diagnosis” below. Interestingly, the
large amount of data gathered per individual subject appears to make possible a
fairly reliable description of individual cases.

Neuropsychological Contributions to Differential Diagnosis

Reactive Depression Versus (Pre)senile Dementia: Case Studies

The approach described in the preceding paragraph is illustrated in the following
description of a neuropsychological examination of two elderly patients. The
first, a 63-year-old man, was referred to us for treatment of memory deficits and
had been hospitalized for several years in a psychiatric clinic. He was diagnosed
as suffering from a depression with “theatrical, hysteria-like character neurosis.”
He sometimes manifested bizarre behavior; both nurses and spouse complained
about his tendency to “attract attention.” The patient himself complained of oc-
casional memory lapses for complex behavioral activities such as dish-washing
and setting the table. He was afraid that he was suffering from incipient dementia
and felt depressed about his decreasing capabilities. A neuropsychological exam-
ination provided the following information:

A normal conversation was possible, although the patient was fairly passive
in his response towards instructions. Speech was adynamic and there was some
inertia of movement. Intellect and consciousness were not overtly disturbed. Be-
havioral-neurologic investigation showed no particular deficits in simple or com-
plex motor functions, except for a slight tendency to persevere on a movement
pattern (for example, tapping four times when three times had been requested).
Auditory, visual, and tactile perception were normal. However, he clearly mani-
fested proactive interference suggestive a frontal cortex dysfunctioning according
to Luria (see above discussion). A more clearcut perseveration was seen on the
Luria Meander (Fig. 1, part A), a pattern capable of eliciting any tendency to per-
severe. The patient still manifested this perseveration several minutes later; the
movement pattern of the meander appeared to interfere with the requested per-
formance of a new motor pattern (Fig. 1, part B). Interestingly, another aspect of
perseveration was seen on a higher cognitive level. The subject was requested to
draw a simple figure from memory (Benton test; Fig. 1, part C). When similar
tasks were set later (Fig. 1, parts D and E), there was a clear persistence of the
movement and visual pattern belonging to the earlier task (Fig. 1, part C) that in-
terfered with later stimuli. On quantitative tests such as the trail-making test, a
fairly normal performance was seen on the first subtask, but the subject was much
too slow on the second subtask and also made several errors. Consequently, there
was a lack of flexibility without a general decrease in the rate of information pro-
cessing. With respect to memory functions, imprinting appeared fairly normal
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(recognition memory), but a flat learning curve was noted in a word-learning test:
the subject encoded the material passively and in a fairly stereotyped manner, in-
dicating that active encoding and active retrieval from memory was disturbed. Fi-
nally, with respect to language functions, vocabulary was normal, although one
specific language disorder was present. Words used to describe relations in lan-
guage (for instance, “because,” “as,” “if,” “then,” “greater than”") appeared not
to be understood. Part F of Fig.1 shows how the instruction to “draw a circle
beneath a square” was carried out in correctly. “Beneath” was interpreted in a
concrete, three-dimensional fashion, whereas all normal elderly subjects would
have drawn “beneath” according to a two-dimensional conception. The patient
also failed on several other tasks in which similar logical relations in language had
to be expressed. The performance of the other subject (case 2) was normal
(Fig. 1).

Recapitulating, it appears that the subject had severe deficits in the planning
and organization of complex behavioral acts. No clearcut disorder of perception,
memory, and simple language functions and no general slowness were observed.
It was concluded that the patient had a dysfunction of the frontal neocortex, par-
ticularly of the lateral surfaces, as indicated by the patients general inertia. A com-
puterized tomography scan performed later has shown some central and periph-
eral atrophy, frontally more than posteriorly. The EEG was diffusely irregular.
An early stage of Pick’s disease was a possible diagnosis, although other causes
of impaired frontal lobe functioning could not be excluded. A follow-up investi-
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gation will be undertaken at a later stage to asses whether there is further dete-
rioration.

The other subject (male, 72 years of age) was referred to us because of persis-
tent depression, failing memory, and possible early dementia. The subject was
very sharp, with adequate responses and sometimes initiated the conversation. He
complained of memory lapses and the fact that all his actions required so much
energy. No pathognomonic signs appeared in the behavioral-neurological exam-
ination (Fig. 1), although he was very slow in performing complex acts of manual
dexterity. His attention span appeared to be short, and automatic acts were per-
formed in a controlled and time-consuming fashion slower than normal for his
age. When given the time, his performance on many tests — including memory
tests —was normal. No planning deficits and language deficits were seen, but there
was a clear deficit in visuoconstruction and in performance on a test measuring
mental rotation.

It was concluded that the scores of memory tests were not low enough to war-
rant a diagnosis of early dementia. In addition, there was no indication of specific
frontal involvement. This profile of slowness and visuoconstructive deficits is
often seen in certain subgroups of depressive patients. The neuropsychological ex-
amination of the two seemingly similar subjects thus gives rise to a strikingly dif-
ferent conclusion as to the nature of the underlying disorder and the cerebral sub-
strate involved. The depression of the first subject is almost certainly secondary
to some kind of dementia which is especially dependent on frontal cortex func-
tioning. The second subject is depressed and not demented manifesting cognitive
deficits more often seen in depression which might be mistaken for signs of de-
mentia. The interpretations are based on a combined analysis of data obtained
in the behavioral examination and the preliminary conversation (hypothesis gen-
eration). Indications of pathognomonic signs were discovered in the behavioral-
neurological examination, while speed and other parameters were measured in
psychometric and information-processing tasks. It is the combination of these
modes of investigation which gives rise to the specific profile of deficits.

Stages in Dementia

A very important objective in the early assessment of dementia is the differenti-
ation of “normal” aging from early dementia. The deficits accompanying normal
aging are relatively mild; for instance, some mild frontal lobe signs corresponding
to mild senescent forgetfulness develop, manifesting themselves as a deficit in ac-
tive encoding and retrieval (see “Neuropsychology of Aging and Dementia”).
However, a clear consolidation deficit is not seen in normal elderly people, in con-
trast to the early stages of dementia. A profile analysis of one individual illustrates
this point (Fig. 2). The subject referred to here (female, 64 years of age) was nor-
mal in several different cognitive functions (higher language functions, arithme-
tic, simple perception, and simple motor functions). However, a very profound
memory defect was evident, especially in the learning and retention of new mate-
rial, resulting in a total inability to recall words learned 30 min earlier. In addi-
tion, passive recognition of words was also inferior to normal, indicating a con-
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solidation deficit. The rate of information processing was moderately decreased.
The dynamic organization of hand movements was much less efficient (e.g., the
rapid alternation of movements between left and right hand or the smooth suc-
cession of different movement patterns with one hand, especially when hand
movements had to be accompanied by speech acts). A very relevant finding was
a gradual deterioration of memory functions and speed at a follow-up examina-
tion conducted 1 year later, while several other functions revealed no decreases.
It appears that the various cognitive deficits may develop successively over time.
The CT scan of this subject was normal (atrophy conforming to age), and she was
tentatively diagnosed as suffering from DAT.

Figure 2b shows the cognitive profile of a 59-year-old man whose memory
deficits differ strikingly from those of the subject just described in that he ex-
hibited more retrieval deficits than consolidation deficits and a degree of disor-
dered memory secondary to planning disorganization. In addition, general slow-
ness together with fairly good consolidation was evident, while impressive speech
faculties and dynamic organization were far inferior to the performance of the fe-
male subject just discussed. Follow-up assessment after 0.5 and 1 year corrobor-
ated the first impression of primary degenerative dementia of the frontal type. A
CT scan conducted 6 months later showed some sulcal enlargement and widened
interhemispheric fissure, especially in the frontal lobe. The atrophy was more pro-
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nounced 1 year after the first examination, which is in line with the interpretation
based on the neuropsychological examination.

Further studies have been performed with larger groups of subjects who have,
however, not been tested more than once. The general findings conform to those
obtained by Sulkava andd Amberla (1982) in a study with the Luria-Christensen
neuropsychological test battery. These investigators found that different phases
in the development of dementia can be discriminated, even at the later stages.
Both presenile and senile patients exhibited pronounced deterioration of orienta-
tion, memory and higher cognitive, visual, and motor functions. Impressive and
expressive speech were relatively spared. All functions deteriorated gradually dur-
ing the disease process, so that the differences between the various abilities and
the slope of the performance profile were preserved. All neuropsychological abili-
ties tested had disappeared by the final phase (Sulkava and Amberla 1982).

According to these authors, both the presenile and the senile form of DAT
seem to follow a clearly definable course affecting different functions of the brain
in a certain order. Symptoms such as a general diminishing of activity or deteri-
oration of short-term memory and of awareness appear at an early stage of the
disease. Consequent behavioral dysfunctions are disorientation and paranoid de-
lusions. Theoretically, this may indicate that fibers ascending from the brainstem
to the cortex are affected (see “Neuropsychology of Aging and Dementia”). In
the next phase, apraxia, agnosia, and aphasia disorders appear, together with de-
terioration of logical reasoning and loss of control over behavior (i.e., indicating
cortical involvement). In the advanced stages of the disease, only a few basic func-
tions (e.g., automatisms) may still be preserved (Sulkava and Amberla 1982; Jol-
les and Hijman 1983). The data indicate that a neuropsychological examination
based on Luria’s brain-behavior model, coupled with a profile analysis, yields in-
formation of relevance both to early assessment of the disorder and to increasing
knowledge not only of the succession of stages in DAT, but also — indirectly — of
the cerebral substrate involved.

Dementia Versus Psychiatric Disorders

(Neuro)psychologists working in a psychiatric setting are frequently asked to as-
sess whether a particular patient is demented or not, as it is very difficult to dif-
ferentiate the early stages of senile dementia from depression. On the one hand,
early stages of dementia are very frequently accompanied by a depressed mood
(Jolles and Hijman, 1983; Strub and Black 1981), which is most probably a reac-
tion to the subjective realization of suffering cognitive deterioration (cf. the first
case study in “Reactive Depression versus (Pre)senile Dementia”). Incidentally,
there is evidence that the major catecholaminergic pathways believed to be in-
volved in depression (Van Praag 1982) play a similar role in the pathogenesis of
SDAT (Rossor 1982), thus suggesting that there is — at least in part —a common
cerebral substrate in both depression and dementia. On the other hand, pro-
foundly depressed patients frequently display overt signs of dementia such as
slowness, general inertia, disorientation, and memory disturbances. The differ-
entiation of depression and dementia based on clinical observation alone thus ap-
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pears very difficult. A thorough neuropsychological examination may be of im-
portance in this respect.

Recently, a group of 29 depressive inpatients from the university psychiatric
clinic were subjected to such an examination to determine whether any members
of the group had been misclassified as demented (Jolles and Brand, in prepara-
tion). After neuropsychological analysis, it was possible to discern seven sub-
groups. Groups 1-6 had a fairly specific profile of cognitive deficits that could be
used as a basis for making distinctions among them. Group 7 (“others™) consisted
of six different profiles which did not resemble those of any of the other subjects.
Interestingly, these six subjects had had life events which were suggestive of some
brain disease, thus explaining the specific pattern of deficits (two subjects with
brain trauma; one with hysteric conversion, one with migraine, and two postan-
oxic subjects). Group 1 (two subjects) manifested only some nonspecific cognitive
deterioration without any deficits relating to memory, motor functions, planning,
or automaticity. Group 2 (six subjects) had similar nonspecific deficits as well as
deficits in automatism and memory retrieval. Group 3 (six subjects) was very dif-
ferent, in that these subjects, in addition to the deficits characterizing group 2,
were also very slow, manifesting some motor and higher cognitive perseverations
or perceptual changes. Group 4 (three subjects) was similar to group 3, but also
showed memory consolidation deficits. The extremely profound deficits of the pa-
tients in groups 3 and 4 suggest that they suffer from retarded depression.
Groups 5 and 6 manifested clear-cut signs of brain dysfunctions. Group 5 (n=2)
exhibited no slowing of actions but had especially pronounced motor dysfunc-
tions suggestive of frontal cortex involvement. Group 6 (n=3) was characterized
by subjects with profound cognitive and behavioral deficits in all cognitive func-
tions measured. When these profiles are represented schematically, they suggest
that group 6 consisted of demented subjects. One subject of this group later
turned out to have multi-infarct dementia, while another subject suffered from lu-
pus erythematosus. Long-term follow-up will make it possible to monitor
groups 3 and 4. Until now, several subjects from groups 1-3 have evidenced some
improvement of cognitive deficits, accompanied by an alleviation of their de-
pression. .

Besides depressive patients, another group of psychiatric patients can be dis-
tinguished from demented subjects only with difficulty. In view of the important
role of the frontal lobe in behavioral planning and organization, dysfunctions of
the frontal lobe or structures within it can easily manifest themselves as disorgan-
ized and bizarre behavior. This might thus be misinterpreted as a “functional”
psychiatric disorder. The patients referred to in Figs. 1 and 2 and in group 5 are
examples of such patients. It is interesting to note that most patients with Pick’s
disease die in a psychiatric hospital. It will be of more than scientific interest to
explore how many psychiatric patients are in fact misclassified because they have
deficits in behavioral planning and organization which — until now — have not fre-
quently been recognized as an indication of frontal lobe involvement or as signs
of a specific type of degenerative dementia.
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Conclusion

Some evidence has been presented to show that most of the methods which have
until now been used in the assessment of early stages of dementia have their draw-
backs. It appears that the use of a combination of psychometric tests with tech-
niques based upon information-processing paradigms and behavioral neurology
may be the most fruitful approach. Future developments will almost certainly be
in the direction of techniques that are more sensitive and capable of giving more
insight into the nature of the cognitive deficits. Information-processing tasks such
as those proposed by several authors (Poon 1983; Brand and Jolles 1985) will con-
tribute, provided that some relation is made between cognitive functions and the
underlying cerebral substrate, and provided that tasks are constructed which have
ecological validity.

The neuropsychological profile analysis (Figs. 1,2) illustrated here does no
more than indicate a possible method for analyzing data. It is clear that a descrip-
tion purely in terms of test results is too crude to describe the complexity of an
individual’s pattern of cognitive strengths and weaknesses. Similar developments
can be seen in psychiatric diagnosis. For example, the Present State Examination
(Wing et al. 1972) and the Geriatric Mental Scale (Copeland, this volume) also
use some kind of profile analysis in the description of psychiatric symptoms. The
neuropsychological profile analysis proposed here is based on a model of brain-
behavior relationships (i.e., the model of Luria). It is important to simplify the
large amount of data into a smaller number of categories. A good brain-behavior
model provides a rationale according to which this may be done.

With respect to the potential contributions of neuropsychology, several points
are of interest. In the first place, modern neuropsychology is a neuroscience when
it tries to relate behavioral and cognitive functions to the underlying cerebral sub-
strate. A model such as that put forward by Luria presents a working hypothesis
which is essential if aspects of behavior and cognition which would otherwise
never have been suspected of containing common elements are to be related (see,
for instance, the different aspects of frontal involvement). A model of DAT based
on neuropsychological theory predicts that the evolution of behaviorally observ-
able deficits in DAT may initially be a manifestation of an underlying degener-
ation of ascending fibers, followed by progressive atrophy of nonspecific hippo-
campal and sensory neocortical association areas and neocortical sensory associ-
ation areas (see “Neuropsychology of Aging and Dementia” and Jolles and
Hijman 1983).

Another theoretical contribution concerns the findings that — based on neuro-
psychological examination alone — there are no qualitative, but only quantitative
differences between aging and DAT (Jolles and Hijman 1983) and between the
presenile and the senile forms of DAT (Sulkava and Amberla 1982). Human
neuropsychology may thus provide testable hypotheses which will deepen our in-
sight into the nature of the underlying disease and its cerebral substrate.

A second relevance of neuropsychology concerns the implications which
emerge from a better behavioral and cognitive description of the deficits. For in-
stance, elderly individuals seem to lose the ability to retrieve information consol-
idated in the past. A consolildation deficit is especially evident in dementia. Might
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it not be the case that the real underlying deficit is a decreasing ability to cope
with environmental stimuli and that mechanisms for handling new information
are unused and thus atrophy? This notion could motivate changes in society al-
lowing older people increased opportunities to engage in new activities and ac-
tively plan their own lives. Presently, there is a tendency in exactly the opposite
direction, namely to take responsibility out of the hands of the elderly. This is
especially true in psychiatric institutions. Patient rehabilitation and training
based upon neuropsychological theory would prescribe training in order to com-
pensate for lost capabilities. In this respect, much emphasis must be given to ac-
tivating behavior planning as opposed to passive perception. The strategy of an
“enriched” environment, which is known to have beneficial effect on cortical
thickness and neuronal connections in animals, might have similar effects in
man.

Analogous to the muscular atrophy that develops in a disused broken leg,
brain atrophy may result from a lack of interaction between the organism and its
environment. This atrophy might — theoretically — be reversible if noted in the
very early stages. A stimulative therapy of the type suggested here, possibly in
combination with newly developed drugs (e.g., neuropeptides), might be the treat-
ment of choice in elderly people who are at risk of becoming demented.
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Electroencephalography

EEG in Normal Aged Persons

The EEG in normal adults is characterized by an occipitally dominant 10-Hz al-
pha rhythm (Fig. 1). The alpha rhythm is reactive, meaning it is attenuated when
the eyes are open (Fig. 2) and reappears after eye closure. Even centenarians may
have an EEG with a normal alpha rhythm. However, Busse et al. (1956) found
that 51% of normal subjects over 60 years of age showed slight EEG abnorma-
lities, mainly focal, in the anterior-temporal regions. The percentage of focal ab-
normalities increases with age from about 20% in the 40-59-year-old to about
30%—40% in the 60-79-year-old group (Busse and Obrist 1965). These findings
have been confirmed by several other authors. The proportion of focal changes
in normal aged subjects should not exceed 25% of the EEG record.

Other changes that have been described in EEGs of normal aged subjects
are:

1. a decrease in the mean alpha rhythm frequency by 0.5 to 1.0 Hz (Obrist 1954,
and many others)

2. an increase in the amount of the beta rhythm; the percentage of normal aged
subjects with a slight excess of fast activity doubles from 12% in young adults
to 24% in the aged (> 70 years) (Gibbs and Gibbs 1951)

3. an increase in slow activity; the percentage of normal subjects with a slight ex-
cess of slow activity doubles from about 7% in young adults to 15% in the
aged (> 70 years) (Gibbs and Gibbs 1951).

It has been supposed that these anomalies, which occur in nearly 50% of the
normal aged, should be regarded as without clinical significance. However, Obrist
(1963) already found that other signs of general subclinical arteriosclerosis appear
more often in normal aged individuals with these EEG abnormalities than in el-
derly subjects with quite normal EEGs. Moreover, Drachman and Hughes (1971)
found a correlation between subclinical EEG abnormalities and decrease of mem-
ory function. Compared with normal adults, aged subjects (51-69 years) with an
abnormal EEG scored lower on memory tests (67% of normal adult levels) than
aged subjects with a normal EEG (96% of normal adult levels). It should thus
be concluded that the slight EEG abnormalities found in about half of the aged
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Fig. 1. a Normal adult EEG. b EEG with excess of slow activity
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capable of functioning normally in the community are nevertheless subclinical
signs of less than optimal cerebral function.

EEG in Dementia

General Aspects

Berger (1933) provided a description of the slowing of the EEG background pat-
tern in dementia that was subsequently confirmed by many other authors. In
mixed groups of dementias, the percentage of EEG abnormalities varies between
20% and 100%, depending on the type of dementia (Weiner and Schuster 1956;
Gordon and Sim 1967). The frequency of the alpha rhythm decreases (often to
8 Hz), and there is also a concomitant reduction in the amount (Stoller 1949). In
more severe dementias, the alpha rhythm is often totally absent (Obrist and
Henry 1958). Normal alpha rhythm reactivity (Fig.2) may be diminished or even
completely absent. Opening the eyes does not provoke any change in the back-
ground pattern (Fig2) (Anderman and Stoller 1961).

Dejaiffe et al. (1964) found in a mixed group of dementias that the worse the
dementia, the more disturbed the alpha rhythm reactivity (Table 1). In our expe-
rience, alpha rhythm reactivity is a highly sensitive sign of abnormality in de-
mentia diagnostics; i.e., nonreactivity of the background pattern is a strong indi-
cation of dementia. Furthermore, dementia is often characterized by a consider-
able excess of slow activity (Fig. 1) (Weiner and Schuster 1956; McAdam and Ro-
binson 1956). Focal abnormalities can be found in a minority (13%) of cases of
primary degenerative dementia and in up to 50% of patients with vascular de-
mentia (Dejaiffe et al. 1964). These focal abnormalities are often silent, which
means that major neurologic (hemi)syndromes are rare (Busse et al. 1956; Obrist
et al. 1962). Paroxysmal activity (bilateral) has been found in about a quarter of
the patients, as well in vascular (25%) and in primary degenerative (25%) de-
mentias (Liddell 1958; Dejaiffe et al. 1964).

Syndromes

The data referred to above are not equally characteristic of all types of dementia.
Differences between primary degenerative and vascular dementias have already
been mentioned. A short survey of the EEG abnormalities in several types of de-
mentia is given below.

Alzheimer’s Disease (Senile and Presenile Dementia of the Alzheimer Type). All
EEG abnormalities discussed earlier appear often (Letemendia and Pampiglione
1958; Gordon and Sim 1967; Gustafson et al. 1972). Decrease of alpha rhythm
frequency and abundance, excess of slow activity and nonreactivity of the back-
ground pattern are almost always found and, often, focal and paroxysmal abnor-
malities are also evident. Because normal EEG is rare, a diagnosis of Alzheimer’s
disease should be doubted when the patient’s EEG does not deviate from normal
patterns.
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Fig. 2. a Normal reactivity of the background rhythm. b Nonreactivity of the background activ-
ity. (00, opening of the eyes)
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Table 1. Reactivity of the alpha rhythm in several types of
dementia according to Dejaiffe et al. (1964)

Alpha rhythm suppression
in patients (n)

Complete Partial Absent
Senile dementia
“Simple” 12 19 10
Alzheimer type 2 3 17
Presenile dementia
Alzheimer type 0 1 4
Vascular dementia 7 18 19

Pick’s Disease. The EEG is often normal or only slightly abnormal (Liddell 1958;
Gordon and Sim 1967).

Vascular Dementia ( Multi-Infarct Dementia). Focal abnormalities and asymme-
tries of the background pattern are found more often than in Alzheimer’s disease
(Roberts et al. 1978; Soininen et al. 1982a, b).

Huntington’s Disease. The EEG often shows an irregular low-voltage fast pattern.
More severe abnormalities are rare (Vogel et al. 1961; Scott et al. 1972).

Parkinson’s Disease. In parkinsonian patients without dementia, the EEG is often
quite normal. In parkinsonian dementia, the EEG abnormalities are often very
severe, showing the same anomalies as those found in the most severe degree of
Alzheimer’s disease. Even in rather mild cases of parkinsonian dementia, the
EEG abnormalities are already pronounced. However, it is often difficult to dis-
tinguish the effects of medication from those of dementia, since in most parkin-
sonian dementias, withdrawing medication given to counteract the symptoms of
the disease for the purpose of EEG recording is not justifiable. The literature on
parkinsonian dementia is rather scanty (England et al. 1959; Laidlaw and Catling
1964).

Jakob-Creutzfeld Disease. An extremely characteristic pattern of continous, 1-Hz
bifrontal, repetitive sharp waves appears in a very high percentage of these pa-
tients (Abbott 1959; Gordon and Sim 1967; Jones and Nevin 1954).

Electroclinical Correlations

Clinical Dementia Rate. Greenblatt et al. (1945) stated that EEG abnormalities
do correlate with intellectual impairment and mental retardation (deterioration).
Mundy-Castle et al. (1954), using a three-point dementia scale, found that the
EEG slow activity increase and the alpha rhythm decrease correlate with the de-
gree of dementia. This has been confirmed by many authors. Especially in
Alzheimer’s disease, the correlation between EEG abnormalities and the severity
of dementia is high. '



EEG and Evoked Potentials in the Diagnosis of Dementias 107

Social Functioning. There is a correlation between social functioning and degree
of EEG abnormalities, as has been found by Andermann and Stoller (1961). They
compared three groups of dementias as summarized in Table 2. Lundervold et al.
(1962) also compared three groups of patients with dementia who revealed differ-
ent levels of social functioning (Table 3).

Rate of Disease Progress. Slowly evolving dementias show fewer abnormalities in
the EEG than dementias which progress rapidly (Lundervold et al. 1962;
Table 4).

Mortality Expectancy. Cahan and Yeager (1966) studied 233 aged psychiatric pa-
tients, of whom 65 had normal and 158, abnormal EEGs. The chances of dying
within 1 year proved to be 2—-3 times higher for the patients with an abnormal
EEG than for those with a normal EEG.

Table 2. EEGs in three groups of dementia (Andermann and Stoller 1961)

Abnormal Alpha rhythm Slow

EEG frequency activity

(%) (Hz) (%)
Social club (n=50) 17 11 2
Convalescent home (n=50) 39 9-9.5 31
Mental hospital (n=50) 38 9-10.5 34

Table 3. EEGs of demented patients with different levels of social functioning
(Lundervold et al. 1962)

Normal Moderately = Markedly

EEG or medium abnormal
n) abnormal n)
()
Patients who have partly retained 15 11 0
capacity for work
Patients who have lost working 9 20 2
capacity
Patients who have lost working 9 22 11

capacity and are in need of care

Table 4. Percentage of abnormal EEGs in
slowly as opposed to rapidly progressing

dementia '
Abnormal
EEGs (%)
Slowly progressing 35

Rapidly progressing 65
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Cortical Metabolism Rate. Obrist (1963) found a correlation between cerebral
blood flow (CBF), cerebral metabolism rate (CMR), and EEG abnormalities, as
summarized in Table 5. This correlation has been confirmed for regional cerebral
blood flow (rCBF) by Ingvar and Gustafson (1970) in 28 demented patients
(Table 6). Other authors have confirmed these findings, as has the recent use of
positron emission tomography (PET) (Friedland et al. 1983).

Neuroradiological Findings. The correlations of EEGs with neuroradiological
findings are weaker. Diffuse slowing of the EEG background pattern correlates
with cerebral atrophy. However, there are rather frequent discrepancies, as found
by Sisson and Ellingson (1956) (Table 7). This lack of consistency had been ob-
served earlier by Greenblatt et al. (1945). In 67 demented patients, EEG and
pneumoencephalographic findings were compared. In patients with severe ven-
tricular enlargement, 63% abnormal EEGs were found, while 33%-50% of those
with slight or moderate enlargement had abnormal EEGs. The authors supposed

Table 5. Cortical metabolism rate and EEG (means + standard deviation of mean)
(Obrist 1963)

Normal aged Dementia

(n=26) (n=10)
CBF (ml/100 g brain tissue/min) 57.8+10.4 48.5+11.5
CMR (O, ml/100 g brain tissue/min) 33+ 04 2.7+ 0.5
EEG peak frequency (Hz) 9.7+ 0.6 7.5+ 09
EEG % slow activity 11.0+ 8.0 33.5+18.3

CBF, cerebral blood flow; CMR, cortical metabolism rate

Table 6. Correlation rCBF and EEG (Ingvar and Gustafson 1970)

EEG normal EEG slightly EEG markedly

abnormal abnormal
(n=10) (n=14) (n=14)
rCBF (ml/100 g/min) 46.0+5.3 47.9412.6 37.3+84

Table 7. Correlation of pneumoencephalo-
gram and EEG in patients (1) (Sisson and
Ellingson 1956)

PEG
Slightly Moderate
abnormal to strong
dilatation
EEG (normal) 5 2
EEG (abnormal) 6 12

PEG, pneumoencephalogram
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Table 8. Classification of pathologic findings in patients (n) (Gloor et al. 1968)

Group I affecting cortical gray matter 5
Group II affecting cortical and subcortical gray matter 8
Group IIT  affecting white matter 8
Group IV affecting cortical and subcortical gray and white matter 11

Table 9. Correlation of EEG and pathologic findings in patients (n) (Gloor et
al. 1968)

EEG disturbances Pathological classification

1(5 11 8) I1I (8) IV (11)

Background activity 1
Unilateral paroxysmal
Bilateral paroxysmal
Periodicity
Polymorphous delta
Focal

DW= DN Wwn
DN O W 00— 0
—_—00 O WO
N \O L 00 DD =

For definitions of groups I, II, III, and IV, see Table 8

that normal EEGs in patients with ventricular dilatation might be a sign of a
standstill in the dementing process. Again, the rate of disease progress is reflected
more in EEG abnormalities and not primarily in the degree of cerebral atrophy.
These findings have since been confirmed by many authors as well as by the recent
use of computer-assisted tomography (CAT) (Roberts et al. 1978; Soininen et al.
1982a,b).

Neuropathologic Findings. The correlation between neuropathologic findings and
EEG is also less strict, as can be illustrated by a well-documented study of Gloor
et al. (1968). They distinguished four categories of neuropathologic abnormalities
as shown in Table 8. This classification correlates with EEG abnormalities as
shown in Table 9. It can be concluded from these data that: (a) EEG background
activity abnormalities are found in all groups manifesting neuropathologic ab-
normalities; (b) bilateral paroxysmal activity and periodicity in EEGs are mainly
observed in subjects with subcortical gray matter abnormalities; (c) polymorphic
delta activity occurs mainly in patients suffering white matter abnormalities; and
(d) EEG focal abnormalities correlate more or less with cortical and subcortical
gray matter abnormalities.

Summary

EEG abnormalities are associated with dementia, often resulting in a decrease in
alpha rhythm frequency, a decrease in or even a total suppression of alpha rhythm
abundance and hypo- or nonreactivity of the background pattern. Less often,
there are focal abnormalities and bilateral paroxysmal abnormalities. There is a
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high degree of correlation between EEG anomalies and the rate of clinical de-
mentia, social functioning, the rate of disease progress, mortality expectancy, and
decreases in cerebral blood flow and metabolism. EEG abnormalities correlate
less well with cerebral atrophy, ventricular dilatation, and neuropathologic find-
ings.

Evoked Potentials

Introduction

Evoked potentials are responses evoked by sensory stimulation of the peripheral
and central nervous system. As these potentials have a small amplitude (0.5-
20 uV), they are difficult to distinguish from the EEG background activity, which
has a relatively large amplitude (25-100 uV). Consequently, special analyzing
techniques (averaging) are needed to detect these potentials. The evoked poten-
tials modalities most often used are (a) visual evoked potentials (VEP) resulting
from retinal stimulation by flashes or pattern reversal; (b) auditory evoked poten-
tials (AEP) elicited through cochlear stimulation by clicks; (c) somatosensory
evoked potentials (SEP) resulting from electrical stimulation of peripheral
nerves.
The response may be divided into three phases:

1. subcortical: of very small amplitude and short latency, located in the spinal
cord or brain stem

2. specific cortical (primary complex): the earliest phase of the cortical response
representing medium latency response of the specific cortical areas

3. cortical aspecific (secondary complex): the long latency phase of the response,
which is dependent on task relevance and originates more diffusely, probably
in the associative cortical areas.

Evoked potentials are specified by their peak parameters and nominated by
their peak polarity (N is negative, P is positive) and mean normal peak latencies
(in ms). P 100 means a positive peak with a mean latency of 100 ms in normal sub-
jects.

Evoked Potentials in the Normal Aged
There is a slight, age-dependent increase in peak latencies. The data cannot be dis-

cussed in detail here.

Evoked Potentials in Dementia

Visual Evoked Potentials

Straumanis et al. (1965) examined 20 arteriosclerotic brain syndrome patients by
means of VEP and found an increase in the amplitude of the medium-latency



EEG and Evoked Potentials in the Diagnosis of Dementias 111

Table 10. Flash VEP peak latencies in ms
(mean + standard deviation of mean) in nor-
mal subjects and SDAT patients

Normal adults SDAT patients

P70 73+ 9 67110
N85 90+17 100+20*
P110 107 +23 151+23*
N150 146126 211432%
P200 202118 269+ 34*
N225 226+ 16 331431

SDAT, senile dementia of the Alzheimer type
* significant latency increase

Table 11. Correlation of degree of dementia and VEP P100
latency (Cosi et al. 1982)

P100 latency in ms
(mean + standard
deviation of mean)

Normal adults (1940 years) 117.54+13.3
Aged subjects (41-81 years)
no atrophy, no dementia (n=30) 139.4+27.0
atrophy, no dementia (n=30) 150.04+22.0
atrophy, dementia 193.3+33.7

peaks and a latency increase in the long-latency peaks. Examining 19 patients
with senile dementia of the Alzheimer type by flash VEP, Visser et al. (1976) also
found for that type of dementia increased amplitudes for the medium-latency and
increased latencies for the long-latency peaks (Table 10).

The degree of VEP latency increase correlates with the degree of dementia, as
has been shown by Cosi et al. (1982) (Table 11).

Recently, our (Visser et al. 1976) findings of prolonged latencies of flash VEP
in dementia were confirmed by Wright et al. (1984). However, Coben et al.
(1983 b) were not able to confirm our data by using flash VEP; however, their pa-
tients were mild dements of the Alzheimer type, all of them outpatients. Our
group consisted entirely of mental hospital inmates. The discrepancy may be ex-
plained by Cosi’s findings (Cosi et al. 1982) that the degree of VEP abnormalities
correlates with the severity of dementia. Coben et al. (1983 b) also used pattern
reversal VEP in their group of mildly demented patients and demonstrated signif-
icant latency increases, again, especially for the late peaks. This was also con-
firmed in the mental hospital inmates with senile dementia of the Alzheimer type
participating in our recent study using pattern reversal VEP (Visser et al. 1985;
Table 12). Wright et al. (1984) were unable to confirm the findings of Coben and
Visser for pattern reversal VEP. However, they mentioned only the major positive
peak P 100, which indeed is not delayed, and they neglected the late peaks. Find-
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Table 12. Pattern reversal VEP peak latencies
in ms (mean + standard deviation of mean)

Normal adults SDAT patients

P50 46+ 18 48 +20
N60 60+ 14 67+17
P100 9+11 103+12
N140 149+ 19 161+21*
P200 203 +30 232+435*
N250 269+ 59 307 +49*

SDAT, senile dementia of the Alzheimer type
* significant latency increase

Table 13. Median nerve SEP peak latencies
in ms (mean tstandard deviation of mean)

Normal aged Demented

adults patients
N9 11+ 1 11+ 1
N14 14+ 1 14+ 1
N20 20+ 1 19+ 1
P25 30+ 6 38+ 9*
N35 35+ 5 41+ 4*
P45 44+ 6 53+ 5*
N60 65+ 10 83+ 13*
P100 93+16 114 +23*
N140 156420 170+24*

* significant latency increase

ings similar to those discussed here for senile dementia of the Alzheimer type have
been published for Parkinson’s disease and Jakob-Creutzfeldt disease.

Somatosensory Evoked Potentials

Levy et al. (1971) reported an SEP peak latency delay of the late components in
a small group (n=9) of dementia patients but were not able to confirm these find-
ings in a later study (Hendrickson et al. 1979). Since literature on SEP in dementia
is scanty, we performed a pilot study (Huisman et al. 1985). In ten dementia pa-
tients admitted to a mental hospital, we found an abnormal delay of the late com-
plex peak latencies (Table 13).

Auditory Evoked Potentials

There are reports of late-peak latency increase in auditory evoked potentials
(Laurian et al. 1977; Hendrickson et al. 1979) and even of increases in peak V of
the short-latency (brain stem) AEP in dementia (McEvoy and Harkins 1981).
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Fig. 3. a Latency increase of the VEP peaks. b Normal visual evoked potential

Summary

Both flash and pattern reversal VEPs show an abnormal latency increase in the
late-component peaks in dementia, especially in SDAT (Fig.3a,b). The same
holds true for the late complex peaks of SEP and probably also for AEP.

Value of Evoked Potential Abnormalities in the Diagnosis of Dementia

Evoked potentials can help to differentiate between normal aged subjects and
SDAT patients. However, they are of value in distinguishing normal subjects
from demented patients only if it is possible to differentiate dementia from nonor-
ganic depressive syndromes in the elderly. For that reason, Coben et al. (1983 b)
and Visser et al. (1985) included a group of elder patients with nonorganic psy-
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chiatric syndromes in their studies. In both studies, significant abnormalities of
evoked potentials were found only in the dementia groups.

Coben et al. (1983 a) also described EEG abnormalities in the same group of
demented patients but did not compare the VEP and EEG results. Our recent
study (Visser et al. 1985) using both VEP and EEG proves that EEG detects de-
mentia more often than VEP does. Because EEG sensitivity is higher than VEP
sensitivity in the diagnostics of dementia, evoked potentials are not a substitute
for EEG in the clinical diagnosis of dementia.

Evoked potentials, on the other hand, can give more specific information than
EEG. In subcortical and brain stem disturbances, short-latency peaks are abnor-
mal. In disorders involving demyelination of white matter, the primary complex
latency peaks (for SEP N 20 and for VEP P50, N 60, and P 100) are delayed. In
primary degenerative dementia, only the late complex peaks are delayed. This
type of differentiation is not possible with EEG alone.

Primary complex peaks are localized and originate in the primary specific cor-
tical areas. Late complex long-latency peaks are more widely spread, probably
originating in the associative cortical areas, and reflect the information-pro-
cessing phase. From evoked potential studies, it can be concluded that the abnor-
malities in primary degenerative dementias are mainly localized in the associative
cortex. This conclusion fits very well with neuropathologic findings (Brun and
Gustafson 1978) and positron emission tomography (PET) data (Friedland et al.
1983), all of which demonstrate abnormalities, mainly localized in the parietotem-
poral associative cortical areas, in patients with senile dementia of the Alzheimer

type.
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Nuclear Magnetic Resonance and Early Diagnosis
of Brain Pathology

W.L. Curati and R. E. STEINER!

Introduction

For a variety of reasons, the initial efforts of many medical centres to put nuclear
magnetic resonance (NMR) to clinical use have focussed on the brain:

1. A high level of grey-white matter contrast can be obtained with NMR, provid-
ing anatomical detail on a scale not available with other techniques.

2. Coronal and sagittal imaging are particularly useful in depicting areas of the
brain.

3. The absence of bone artifacts is a major advantage over x-ray computerized
tomography (CT).

4. Flow effects are well demonstrated using appropriate sequences.

5. NMR is sensitive to a variety of pathological changes within the brain.

In this paper, we review the normal appearance of the brain as well as a few
examples of pathological change, such as vascular disease, white matter disease,
cerebral tumours and paediatric neurological disease.

Methods

The NMR machine is based on a cryomagnet manufactured by Oxford Instru-
ments Ltd. which provides a static magnetic field (Bo) of 0.15 tesla giving a reson-
ant frequency of 6.5 MHz. Gradient coils are placed within the bore of the magnet
to provide spatial encoding of the NMR signal and to select a slice. A radio-fre-
quency transmitter coil surrounds the patient’s head, and a smaller receiver coil
detects the NMR signal (Young et al. 1982). Pulse sequences are summarised in
Table 1. Contemporary x-ray CT scans are obtained in each case, either with a
Siemens Somatom 2 whole-body scanner at Hammersmith Hospital or with an
EMI CT 1010 head scanner. Some recent CT examinations have been performed
with a GE 9800 whole-body scanner.

1 NMR Unit, Royal Postgraduate Medical School, Hammersmith Hospital, London W12
OHS, UK
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Table 1. Pulse sequences used in Hammersmith NMR unit

Pulse sequence Interpulse time (ms)

TR TI TE
SR 1000 1000
IR 1500/500/44 1500 500 44
IR 1800/600/44 1800 600 44
SE 544/44 544 44
SE 1500/44 1500 44
SE 1500/80 1500 80
SE 1580/80 1580 80

TR, repetition time; TI, inversion time; TE, echo time; SR,

saturation recovery; IR, inversion recovery; SE, spin echo

Results

Normal Appearance of the Brain

W.L. Curati and R. E. Steiner

Inversion recovery (IR) scans (Fig. 1a) display a high level of grey-white matter
contrast, with white matter appearing white, grey matter appearing grey and CSF
appearing black. The correspondence with classic anatomical sections is strik-

ing

Spin-echo (SE) scans (Fig.1b) display a lesser degree of grey-white matter

contrast, although the contrast becomes sharper as the echo time (TE) increases.

Fig. 1a,b. Normal brain. a (IR 1500/500) high level of grey-white matter contrast; b (SE 1580/80)

poor grey-white matter contrast
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As a result of the long longitudinal and transverse relaxation times (T, and T,
respectively), CSF, which appears dark with a short TE, becomes light with a long
TE. Cortical bone gives a low signal.

Vascular Disease of the Brain

Acute intracerebral haemorrhage frequently displays a short T, and a long T,.
In addition, central areas of liquefaction or clot dissolution may be seen
(Fig.2a,b). On both IR and SE sequences, acute haemorrhage appears light.
When the haemorrhage resolves, it may eventually leave residual cysts. During
this process, there is an increase in T, and T,.

Cerebral infarction produces an increase in T, and T,. On IR scans, grey-
white matter contrast is lessened (Bydder et al. 1982). In addition, a mass effect
is usually associated with large areas of infarction (Fig. 3 a, b).

White Matter Disease of the Brain

The typical periventricular “plaques’ of multiple sclerosis are well-demonstrated
with NMR, and this was one of the first clinical applications of this technique
(Young et al. 1981). The lesions are characterised by an increase in T, and T,.
Small lesions and those located in he posterior fossa are usually demonstrated
with NMR, though not with CT (Fig.4a,b). Leucodystrophy is also associated

Fig.2a,b. Intracerebral haemorrhage appearing as light area. a (IR 1500/500) central liquefac-
tion appears darker; b (SE 1580/80) both surrounding edema and periventricular edema are well-
demonstrated as more extensive light areas
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Fig.3a,b. Infarction, showing increase in both T, and T,. a (IR 1500/500) dark areas with dimi-
nation of grey-white matter contrast; b (SE 1580/80) appears as light area with some surrounding
edema

Fig.4a,b. Multiple sclerosis affecting multiple areas showing an increase in both T, and T,.
a IR 1500/500; b SE 1500/80
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Fig.5a,b. Temporoparietal ependymoma. a (IR 1500/500) good delineation and mass effect;
b (SE 1500/80) extensive edema

with an increase in T, and T, relaxation times, with the abnormal white matter
usually distributed as patchy periventricular areas.

Binswanger’s disease and radiation damage are also characterised by abnor-
mal white matter.

Cerebral Tumours

Tumours are usually characterised by a focal increase in T, and T,. The increase
in T, which appears as a dark region, is best seen with IR scans. Associated with
the increase in T, is a diminution of grey-white matter contrast. The increase in
T, appears as a light area relative to brain on SE scans. Since there is little con-
trast between white and grey matter, localization of the tumour is not as precise
as with IR (Fig. 5a,b) (Bydder et al. 1984).

Additional features associated with cerebral tumours include haemorrhage
and calcifications, peritumoral edema (causing increases in T, and T, as with the
tumour itself) and mass effects and displacement.

Paediatric Neurological Development and Diseases

Extensive postmortem study of normal brain development has established the
normal pattern of maturation, including the degree of myelination (Johnson et
al. 1983; see the extensive bibliography). For example, the IR scan of a 6-month-
old infant shows white matter present in the posterior internal capsule and tha-
lamo-occipital radiation (Fig. 6).
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Fig. 6. Myelination in the brain of a
normal 6-month-old child (IR 1800/
600). This long TR-long TI sequence is
normal, given the high water content of
the brain at this age

A whole range of abnormal appearances is very well-demonstrated by NMR,
from delayed myelination to tumours.

Conclusion

NMR imaging is sensitive to many different pathological changes. The fact that
NMR has no known hazards is an advantage both in the examination of children
as well as for repeated examinations. The lack of bone artifacts with NMR, in
contrast to x-ray CT, results in better imaging of areas such as the posterior fossa,
the base of the skull and the spinal cord. The potential clinical application of
NMR contrast agents such as gadolinium-diethylene triamine penta-acetic acid
is under investigation (Carr et al. 1984). Enhancement of cerebral tumours by
means of this technique has so far proved to be very promising.
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Positron Tomography and the Differential Diagnosis
and Pathophysiology of Alzheimer’s Disease *
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The diagnosis of Alzheimer’s disease (AD) remains a diagnosis of exclusion.
While less frequent varieties of non-Alzheimer dementia are now diagnosed with
relative ease using widely available laboratory tests, the definitive diagnosis of
Alzheimer’s disease still requires the examination of excised tissue. However, re-
cently developed methods for the noninvasive in vivo quantitation of cerebral
rates of glucose use have demonstrated regional abnormalities in Alzheimer sub-
jects which are of diagnostic import and can offer us some insight into the patho-
physiology of the disease.

Positron Emission Tomographic (PET) Studies
with '3F-labeled 2-fluoro-2-deoxy-D-glucose (FDG)

Glucose is the brain’s main energy source, and with PET studies of the uptake
of the glucose analogue FDG, we are able to measure regional rates of glucose
use (Phelps et al. 1979; Reivich et al. 1979; Kuhl et al. 1985). This parameter is
closely related to rates of neuronal activity and reflects neuronal processes in both
health and disease. We performed PET studies with FDG using the Donner 280-
crystal tomograph, which has a resolution of 8 mm full width at half maximum
(Friedland et al. 1983 b). A bolus of 5-10 mCi of FDG was injected intravenously,
and tomographic data were obtained dynamically from one transverse section of
the head, initially at 2.5- to 5-s intervals, followed by progressively longer inter-
vals, for a period of 45 min. Multiple adjacent transverse sections 1 cm thick were
imaged using 5-min intervals for data acquisition after the initial 45 min of dy-
namic data acquisition. Venous blood collected from a warmed hand was used
to determine the input function (Phelps et al. 1979). Subjects remained awake
with eyes open and ears unoccluded during the study. Transmission data obtained
from an external source automatically deployed in the tomograph were used to
correct for attenuation.

Emission tomographic data obtained 40—70 min after injection were studied.
Regions of interest containing 3.5-29 resolution elements were drawn in each in-
dividual image to sample activity in the anterior frontal (F), temporal-parietal
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(TP), and entire cortex regions of both sides. Percentage differences were com-
puted comparing mean counts per cm? per s in the different regions. Dynamically
collected blood input and tomographic data were used to determine the three rate
constants of the three-compartment model developed by Sokoloff and colleagues
(1977). FDG utilization rates were calculated using the product of the ratio
kik3/k5 + k% and the plasma glucose concentration, without consideration of the
essentially unknown lumped constant for diseased brain.

Thus far, 17 subjects with probable AD (McKhann et al. 1984) and seven
healthy, aged controls have been studied. All the AD subjects met current criteria
for the diagnosis, including progressive impairment of mental function and no ev-
idence of other pathologic processes (Friedland et al. 1983 b; 1985b). For the AD
group, the mean age was 64 years (SD, 6.7 years), and the mean score on the Mat-
tis Dementia Rating scale (Friedland et al. 1983 b) was 93.9 (SD, 23.1), with a
range of 129-55 (normal range, 144-140). The healthy, aged controls (mean age,
63 years; SD, 3.0 years) had normal general medical, neurologic, and neuropsy-
chological exams. A complete description of instrumentation, data collection and
analysis, and patient selection has been previously published (Friedland et al.
1983 b; 1985b).

Fig. 1. (Top) Individual values for
F-TP percentage difference of ac-
tivity densities (mean of right and
left cortices). A, mean and stan-
dard error of the mean for each
group. n=17 for AD patients (filled
circles); n=17 for controls (open
circles). *, mean different from
control group (P <0.0005, one
tailed). (Bottom) PET images of
FDG accumulation, midventricu-
lar level. The subject’s left hemi-
sphere is on the right side of the
image. Bilaterally diminished up-
take in temporal-parietal cortex,
right greater than left, is noted in
the AD subject. (Adapted with
permission from Friedland et al.
1985b)
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Table 1. FDG utilization rates

Rate of cerebral metabolism of
FDG (mg/100 g/min)

Frontal Temporal-  Entire
cortex parietal cortex
cortex
Probable Alzheimers 3.64° 3.05° 3.71°
disease (N=9) (1.40) (1.26) (1.40)
Healthy aged subjects 4.32 4.19 423
(n=6) (0.71) (0.73) (0.75)

Values expressed are means, with standard deviations in
parentheses

* No significant difference from control group

® p<0.025, one-tailed

Figure 1 presents F-TP percentage difference values for the AD and healthy,
aged subjects. These percentage differences reflect regional metabolic alterations
because, by 40 min after FDG injection, *8F concentrations are proportional in
a linear fashion to regional rates of glucose use [Phelps et al. 1979; Sokoloff et
al. 1977). All of the AD subjects demonstrated hypometabolism in the TP as com-
pared with the F cortex (Fig. 1), while in the control group, there was no differ-
ence between F and TP activity levels. These F-TP differences are related to fea-
tures of cognitive impairment (Friedland et al. 1983 b; 1985b).

Metabolic rates for FDG are presented in Table 1, displaying TP hypometab-
olism in the AD group. Temporal hypometabolism was also noted at other levels
in these subjects. The greater coefficient of variation for the CMRy,, values as
compared with the percentage differences is in accord with previous studies in
healthy subjects. In our healthy subjects, the CMR,,, was 1.54 mg/100 g/min
(SD, 0.40; n=2) in white matter, producing a mean CMR,, of 2.88 mg/100 g/
min, assuming a 50-50 gray-white composition (Phelps et al. 1979). Using the
FDG lumped constant of 0.52 recently determined experimentally in normal
young subjects by Reivich and colleagues (1984), we obtain a mean whole brain
glucose utilization rate of 5.54 mg/100 g/min, which is similar to that reported by
others using the arteriovenous extraction technique (5.38 mg/100 mg/min) (tabu-
lated by Phelps et al. 1979).

Implications for Differential Diagnosis

A most important feature of our results is the finding of a decrease in the metab-
olism of the TP cortex relative to that of the F cortex in all of the 17 AD subjects
studied. Similar findings of metabolic changes in these regions have been reported
by others in studies of glucose use (Benson et al. 1983; Chase et al. 1984) and in
studies of regional cerebral oxygen utilization (rCMRO,) and regional cerebral
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blood flow (rCBF) rates (Frackowiak et al. 1981). Although these regional
changes have not been detected in all reported PET-FDG studies of AD patients,
this discrepancy is probably due to differences in spatial resolution, data analysis,
and composition of subject populations. The lack of overlap between the F-TP
percentage difference values of AD and healthy aged subjects (Fig. 1) suggests
that metabolic imaging could be of value as a diagnostic test for AD. We cannot
comment, however, on the presence of these metabolic changes in very “early”
cases of AD, as all of our subjects were definitely demented (mild-moderate sever-
ity) at the time of testing.

We feel that the mapping of metabolism with PET provides a measure of dis-
ease processes on the microscopic level, as opposed to the gross structural mea-
sures provided by anatomical imaging. This is evident in the striking comparison
to be made between the accentuated effects of the disease on FDG uptake in the
TP region and the regional pathology of the disease (Brun 1984; Brun and
Englund 1981). Histopathologic grading for senile plaques, neurofibrillary
tangles, gliosis, spongiosis, and cytoarchitectural integrity performed by Brun
and colleagues had demonstrated that the neocortical involvement in AD is most
severe in the posterior temporal and parietal cortex (Brun 1984; Brun and En-
glund 1981) (Fig.2). Thus, the cortical areas found to be most severely involved
using PET-FDG studies of glucose use are the same regions found to be most
severely affected by pathologic studies performed on a separate group.

The predilection of the metabolic and anatomical characteristics of AD for the
TP area is not generally shared by other dementing illnesses. PET-FDG images
typical of non-Alzheimer dementia are presented in Fig.3. Most importantly,
multi-infarct dementia (MID) produces diffuse lesions, and in PET-FDG studies
of two MID subjects, we have not found the TP accentuation seen in AD. A more
extensive series of PET-FDG studies of MID subjects by Kuhl and colleagues has
demonstrated multiple deep and superficial lesions, with more lesions found by
PET than by CT (Kuhl et al. 1985). Also, TP focality was not observed in studies
of patients with presumed Pick’s disease, communicating hydrocephalus (CH)
(preshunt) (Jagust et al., to be published), and alcoholic dementia. Diffusely di-
minished CMR,, rates were observed, and other focal alterations were detected
in these subjects. This is particularly important in the three cases of CH, all of
whom improved following cerebrospinal fluid shunting procedures Hill. In one
case of autopsy-confirmed Creutzfeldt-Jakob disease (CJD), however, bilateral
and asymmetrical temporal-parietal hypometabolism was detected (Friedland et
al. 1984b).

New developments in imaging instrumentation may be important in expand-
ing the clinical availability of this diagnostic approach. While PET is limited at
present to a few centers, single photon emission computed tomography (SPECT)
with isotopes for relative cerebral blood flow measurement can provide regional
physiologic data without the need for a local cyclotron, at a cost comparable to
that of other clinical imaging modalities. Preliminary studies performed by Hill
and colleagues (1984) and Cohen et al. (1984) indicate that SPECT studies may
also be of value in the noninvasive identification of focal alterations of brain
physiology in AD. These findings suggest that physiologic imaging could be used
to develop a diagnostic test for AD.
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b C

Fig. 2. a Schematic representation of the distribution and severity of degeneration on the lateral
brain surface in a representative Alzheimer case. The darker the area, the more pronounced the
degeneration. (Brun 1984, reproduced with the permission of the Free Press, New York.) The
line represents the plane of section (parallel to the canthomeatal line) of positron images of
(*®F)-2-fluorodeoxyglucose accumulation in b an Alzheimer patient and ¢ an healthy, aged con-
trol subject. Marked temporal-parietal hypometabolism is observed in b, more severe in the sub-
Ject’s right hemisphere. (The subject’s left hemisphere is on the right side of the image). (Adapted
from Friedland et al. 1985¢)

The issue of diagnosis is an important one in dementia, as other noninvasive
modalities have not detected specific brain changes in AD. While cortical atrophy
and ventricular enlargement are often seen on X-ray computed tomography and
nuclear magnetic resonance proton imaging of AD patients, they are also com-
monly seen in healthy elderly subjects. Also, our preliminary studies using NMR
spin echo imaging have not disclosed any global or regional changes allowing for
differentiation of AD patients from the healthy elderly (Friedland et al. 1984 a).



Positron Tomography and the Differential Diagnosis of Alzheimer’s Disease 129

PICK'S MID

CH CH

CH Alcoholic

Fig. 3. Images of FDG uptake, midventricular level, in non-AD dementia subjects. (M1D, multi-
infarct dementia; CH, communicating hydrocephalus)
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Implications for Pathophysiology

We cannot determine at present whether the diminished glucose use in the TP cor-
tex characteristic of AD is caused by a decreased activity rate per neuron in a
neuronal population of normal number, by a decreased neuronal number with
normal or even increased metabolism in surviving neurons, or by a combination
of these possibilities. We believe that areas of diminished cellular viability in dis-
ease are likely to be reflected by reduced uptake of all tracers, either through de-
crease in flow, metabolism, or receptor binding, as long as blood-brain barrier
mechanisms remain intact. That is, reduced uptake of tracers such as FDG, 23I-
iodoamphetamine, !23I-(R)-3-quinuclidinyl-4-iodobenzilate, or !!C-methionine
in AD may only be nonspecific markers of impaired neuronal function. Neverthe-
less, their behavior does provide a means of detection and evaluation of the pre-
cise brain regions most affected by disease.

The TP focality found so consistently in AD may provide us with topographi-
cal clues to the degeneration of the basal nucleus of Meynert (bnM) observed in
AD. This basal forebrain region, the origin of most of the cholinergic innervation
in the neocortex, has been found to be severely affected in AD. Mesulam and col-
leagues (1983) have recently reported that the posterior portion of the bnM (Ch4
posterior) projects mainly to the temporal lobe in the Rhesus monkey. The
marked concentration of metabolic changes in the TP cortex may be a reflection
of cell loss (or diminished neuronal firing) which is greatest in the posterior re-
gions of the bnM.

Diminished FDG uptake in AD could be a reflection of a transport abnormal-
ity, particularly as there is much evidence to suggest that the blood-brain barrier
(BBB) may be impaired in AD (for a review, see Friedland et al. 1984 d). How-
ever, our initial studies of rubidium 82 and gallium 68 ethylene diaminetetra-
acetic acid (EDTA) uptake in brains of Alzheimer patients have not shown ab-
normal permeability of the brain to these two radionuclides (Friedland et al.
1983 a; 1985b). In addition, our preliminary dynamic studies of the rate constants
for FDG transport (k7, k3) have not shown differences between AD patients and
healthy, aged subjects (Friedland et al. 1983 c). However, because methodological
aspects of this paradigm limit the accuracy of k} and k), determination (Budinger
et al. 19895), this issue needs to be addressed further.

It is of interest to observe that in AD patients, impaired FDG uptake in the
TP region is often asymmetrical (see Figs. 1, 2). Studies of lateral hemispheric per-
centage differences of FDG uptake have not found either hemisphere to be pre-
dominantly affected in a group of 18 AD subjects studied in our laboratory
(Friedland et al. 1985b; Koss et al. 1985). However, approximately half the AD
subjects have more metabolic asymmetry in the TP cortex than do healthy, age-
matched controls. That is, group means show each hemisphere to be equally af-
fected in the AD group, but more side-to-side differences were found in the AD
group than in healthy, aged subjects. When this asymmetry is studied in absolute
(nondirectional) units, we have found a mean of 13.9% (SD, 9.35%; n=9) asym-
metry in the entire cortex (midventricular level) in AD patients, with a mean of
3.0% in healthy, aged subjects (SD, 3.75%; n=6; P<0.005) (Friedland et al.
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Fig. 4. Lateral asymmetries of glucose use in F and TP cortex. Percentage differences calculated
as R-L/mean of R + L x 100 (activity densities, midventricular level). (R, right hemisphere; L, left
hemisphere)

1985b; Koss et al. 1985). Moreover, these asymmetries are related to the be-
havioral features of the illness. Most importantly, there was a negative correlation
between memory abilities and absolute asymmetry in all regions (P <0.05) (Fried-
land et al. 1985b).

These glucose utilization asymmetries are age-related and correspond to spe-
cific features of compromised performance. Figure 4 presents directional asym-
metry values (percentage differences) for presenile AD (n=11; mean age, 59.2
years; SD, 3.2 years) and senile AD patients (n="7; mean age, 71.4 years; SD, 2.3
years) and healthy, aged controls (n=7; mean age, 63.0 years; SD 3.0 years). The
presenile and senile AD groups did not differ in terms of duration of disease, per-
formance IQ or verbal IQ (Koss et al. 1984). While the mean asymmetry of the
senile subjects for the F and TP cortex did not differ from that of the controls,
seven of the 11 presenile subjects displayed hypometabolism in the right TP cortex
relative to the left TP cortex. This pattern was not observed in any of the senile
AD patients or healthy, aged subjects. This asymmetry was related to cognitive
performance: presenile subjects with greater right TP impairment performed
much more poorly on the spatial tasks of the Wechsler Adult Intelligence Scale
than either presenile subjects with relatively greater left hemisphere impairment
(P<0.001) or senile subjects (P<0.002). Cognitive decline, as measured by the
Mattis dementia rating scale, was also greater in presenile subjects with right
hemisphere hypometabolism than in presenile patients with the reverse asym-
metry (P<0.02).

Asymmetries in the disease processes of AD have not been recognized until
recently. This is because anatomical and chemical studies of AD patients are
usually performed on a single hemisphere, and asymmetries in previous rCBF and
rCMRO, studies may have been masked by their overall nondirectionality. This
lack of symmetry may be either a reflection of a patchy infectious or vascular pro-
cess or a result of the degeneration of neurotransmitter systems which were asym-
metrical prior to illness (Koss et al. 1985). In any event, these asymmetries provide
us with more evidence linking AD to amyotrophic lateral sclerosis and Parkin-
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son’s disease, two other CNS degenerative disorders that are also known to have
asymmetrical pathologic manifestations. The presence of a unique subset of pre-
senile patients with right-sided hypometabolism corroborates the clinical im-
pression of the presence of age-related subgroups of AD. Furthermore, de-
pending on the hemispheric locus of greatest cerebral involvement, these find-
ings provide a useful framework for understanding the marked behavioral
heterogeneity of AD.

Conclusion

PET provides a valuable approach to the in vivo quantitation of aspects of brain
physiology which cannot be studied with other methods, either pre- or postmor-
tem. Our PET-FDG studies have demonstrated asymmetrical temporal-parietal
hypometabolism in AD, findings related both to the behavioral features of the ill-
ness and to the age of the patient. These observations have important implica-
tions for differential diagnostic approaches to dementia and may suggest asym-
metrical degeneration in the posterior region of the bnM. PET studies of cerebro-
vascular physiology and metabolism using new high-resolution instruments (Bu-
dinger et al. 1984) show great promise for further defining the metabolic function
of the CNS in the dementias.

Note Added in Proof. Asymmetrical degeneration of the bnM in AD has recently been reported
(Arent T et al. 1985, Neuroscience 14:1-14).
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Investigation of Regional Cerebral Blood Flow
and Metabolism in Dementia

W.-D. Hesss, G. PawLIK, K. HErHOLZ, B. SzELIES, C. BEIL, and K. WIENHARD *

Age-related disorders of the brain like the dementias may be caused by primary
disturbances of cerebral blood flow (CBF) or of metabolism. Due to the coupling
of functional activity and metabolism, impairment of higher brain function, on
the other hand, may lead to a secondary decrease in physiologic variables. There-
fore, investigation of CBF and metabolism of various substrates is useful for the
detection of such brain disorders and may additionally yield quantifiable data on
the severity of the disease. Such quantitative results can be used for a variety of
purposes: to monitor the course of the disease in the patient, to formulate prog-
noses, and to constitute a basis for the objective comparison of various therapeu-
tic protocols. During the last 40 years, various methods for the measurement of
CBF and metabolism have been developed.

Determination of Flow and Metabolic Substrates in the Whole Brain

By determining the arteriovenous (AV) difference of metabolic substrate, e.g., of
oxygen and glucose, age-dependent or pathologic changes of these metabolites in
the brain can be quantified. Additionally, by measuring the AV difference of in-
haled nitrous oxide, the flow of the whole brain can be calculated (Kety and
Schmidt 1945). A large number of studies of age-related changes were performed
with this method (summarized in Kety 1956) demonstrating high flow and oxygen
consumption in childhood and a stable flow throughout adult life as long as no
signs of vascular disease are present. Whether slight decreases of flow, oxygen
consumption, and glucose metabolism occur with normal aging remains a contro-
versial issue in the investigations using these methods (Lassen et al. 1960;
Gottstein 1969; Gottstein and Held 1979; Sokoloff 1966). On the other hand,
measurements of AV differences have clearly demonstrated that, in dementias,
flow, oxygen consumption, and glucose uptake of the whole brain are sharply re-
duced (Lassen et al. 1960; Hoyer et al. 1975, 1977).

Regional Measurement of Cerebral Blood Flow

The first method permitting regional flow determinations with intact skull was in-
troduced by Lassen and Ingvar (1963) and utilized the washout of ***Xe from the
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Table 1. Cerebral blood flow in multi-infarct dementia and primary degenerative dementia

Authors Controls Multi-infarct Primary
dementia degenerative
dementia
Ingvar and Gustafson (1970) Fy 498+ 5.4 37.1+ 7.8
Fg 79.7+10.7 555+ 9.2
W, 49.2+ 3.9 420+ 7.8
Obrist et al. (1970) Fg 49.84 54 36.2+ 7.4
Fg 79.7+10.7 57.5+ 5.6
W, 49.2+ 39 40.7+ 9.4
Hachinski et al. (1975) Fg 56 354+ 9.1 47.7+20.7
Fg 91 59.5+17.0 83.9+38.7
W, 49 427+ 6.4 41.5+¢ 5.5
Perez et al. (1977) Fg 320+ 5.5 341+ 59
Fg 56.3+16.8 69.3+32.9
W, 385+ 8.9 48.6+ 9.9
Lavy et al. (1978) Fg 49.8 38.3
Harrison et al. (1979) Fg 53.0+13.4 34.1+12.2 39.6+18.5
Fg 85.2+20.5 56.9+20.5 67.2+34.2
W, 50.1+ 4.5 429+ 7.2 419+ 4.9
Yamaguchi et al. (1980) Fg 73.8+ 6.3 707+ 7.9 672+ 9.0

Fy, mean weighted flow of cerebral hemisphere in ml/100 g/min (mean value +standard de-
viation); Fg, flow of fast compartment (gray matter) in ml/100 g/min (mean value +standard
deviation); W, relative weight (%) of fast compartment (gray matter)

brain after invasive or noninvasive administration. Most studies performed with
this technique demonstrated slight age-dependent decreases of CBF (e.g., Nari-
tomi et al. 1979; Melamed et al. 1980). In patients with dementia, a marked de-
crease of CBF was found (Table 1). Hachinski et al. (1975), differentiating be-
tween degenerative dementias of the Alzheimer type and multi-infarct dementias,
were the first to indicate that flow is initially more depressed in cases with multi-
infarct syndrome than in others. These findings were also supported by Hoyer et
al. (1975), who observed that metabolism is primarily affected in degenerative de-
mentias, whereas flow decrease is the principal alteration produced in multi-in-
farct syndromes. These findings were not, however, reproduced in all investiga-
tions. Several authors found the severity and duration of organic brain syndrome
to be the factors determining the extent of both flow and metabolic disturbances
(Yamaguchi et al. 1980). Regional studies revealed the pattern of flow distur-
bances to vary, resulting in focal ischemic lesion in the cases of multi-infarct syn-
drome (Fig.1) and a more diffuse, sometimes parietally pronounced flow de-
crease in degenerative forms (Fig. 2).

Three-Dimensional Quantification of Flow and Metabolism
The xenon clearance method performed with conventional technical equipment,

suffers from a few limitations, the most serious being the overprojection of tissue
volumes of low and high flow (“look through effect,” Donley et al. 1975). Three-
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dimensional methods can overcome this limitation. Such techniques can distin-
guish between gray and white matter and add important information by imaging
anatomical details in the depths of the brain. Quantification of flow in small vol-
umes is still limited by various technical problem arising from the implementation
of computed tomography (CT) with stable xenon (Drayer et al. 1978), single-
photon emission tomography with **Xe (Lassen 1981) or *?3I-isopropylamphet-
amine (Kuhl et al. 1982 a), and magnetic resonance imaging. However, flow and
metabolism of various substrates can be reliably measured by positron emission
tomography (PET) (Ter-Pogossian et al. 1975; Phelps et al. 1982; Heiss and
Phelps 1983).

Principles of Positron Emission Tomography

When positron-emitting radionuclides decay, a positively charged particle with
the mass of an electron is released. Over a distance of 1-5 mm, this particle is de-
celerated to such a degree that it must combine with an electron. When these posi-
tively and negatively charged particles collide, their mass is annihilated, and two
gamma quanta, each with an energy of 511 keV, are emitted traveling in opposite
directions (180° angle). Without further collimation, the two photons can then be
registered by electronically connected coincidence detectors that assign the decay
event to the straight line between the two detectors. This electronic collimation
permits construction of highly efficient detector systems, in which detectors ar-
ranged in circles or polygons are connected with each other in a fan-like fashion
via coincidence counters. Cross-sections of the activity distribution in the exam-
ined structure are reconstructed from the many individual events that have been
recorded in various directions, employing algorithms that resemble those used in
X-ray computerized tomography. The tomographic images produced in this fash-
ion represent an object thickness of about 10-15 mm at an in-plane resolution of
7-10 mm. The necessary attenuation and scatter corrections can be made with
great accuracy because of the uniform and high energy of the gamma quanta.
State-of-the-art machines containing numerous detector rings permit simulta-
neous scanning of up to nine brain slices during a single examination. A number
of tracer compounds which make possible the examination of different physio-
logic processes can be labeled with the cyclotron-produced, short-lived, positron-
emitting radionuclides 1°0, !C, or '8F (reviews in Phelps et al. 1982; Heiss and
Phelps 1983). As !8F-labeled fluorodeoxyglucose (®FDG, half-life of '8F =
110 min) determinations of local glucose metabolism and '°O (half-life =2 min)
measurements of oxygen consumption and blood flow are widely used both in
functional studies on normal volunteers and in clinical examinations of various
cerebral disorders, a description of these methods follows.
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Determination of Local Glucose Metabolism with PET

The measurement of local glucose metabolism with !8F-labeled 2-fluoro-2-
deoxy-D-glucose (**FDG) (Reivich et al. 1979) is derived from the '#C-labeled
deoxyglucose autoradiographic technique devised by Sokoloff et al. (1977). The
technique developed by Sokoloff can be applied directly, as !3FDG labeled in po-
sition 2 behaves like deoxyglucose. 8 FDG is transported into the cells by the
same carrier system as glucose. Inside the cell, it is phosphorylated by hexokinase
to !8F-deoxyglucose-6-phosphate. Deoxyglucose-6-phosphate, however, cannot
be metabolized to fructose-6-phosphate; rather, it accumulates in the cell because
the phosphatase reaction that yields deoxyglucose again takes place much more
slowly, and deoxyglucose-6-phosphate can penetrate the cell membrane in small
amounts only. The kinetics of the accumulation of deoxyglucose-6-phosphate can
be described in terms of the transport and enzyme constants of a three-compart-
ment model. The local cerebral metabolic rate for glucose (LCMRG]) is then cal-
culated employing the corresponding model equation which, in its original form,
is rather complex, but which can be simplified for measurement purposes as fol-
lows:

(G) C(*®F)—C(**FDQG)

LCMRGl= 7o~ 1

C(*®F) corresponds to the entire radioactivity in the tissue and is determined di-
rectly by PET. C(*®FDG) represents the concentration of free 8FDG in the tis-
sue, estimated on the basis of the plasma concentration at a given time 7. The dif-
ference between the two values indicates the local tissue concentration of FDG-
6-phosphate. A4, stands for the total amount of *8FDG taken up by the tissue; it
can be computed on the basis of the area under the '®*FDG concentration curve
from time 0 to time 7, taking into account the measured ‘®FDG values in plasma
and the appropriate model constants. The second ratio on the right side of the
equation represents the phosphorylation rate of **FDG. Multiplication with
plasma glucose concentration (Gl) would yield the rate of glucose phosphoryla-
tion if the behavior of glucose and '8FDG were the same. However, as the AV
extraction rate of glucose does not equal that of !8FDG, the value has to be cor-
rected by an experimentally determined constant (LC=Ilumped constant). In
measuring cerebral glucose utilization after intravenous injection of 3-6 mCi
18FDG, the plasma concentration curve of *8FDG must be determined from the
time of injection to the point of measurement. Likewise, the glucose concentra-
tion in plasma and the local '8F activity in the brain must be determined after
an equilibrium of '®FDG between blood and tissue has been reached.

Determination of Regional Cerebral Blood Flow (rCBF)
and Cerebral Oxygen Metabolism (rCMRO) by !5O-PET

Water labeled with 1°O is a freely diffusible tracer which can be used for measure-
ments of regional cerebral blood flow. It is administered continously by inhala-
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tion of !*O-labeled carbon dioxide, which is converted to **O-labeled H,O by
carbonic anhydrase in the lung, using a steady-state model (Jones et al. 1976;
Frackowiak et al. 1980). During inhalation of !*O-labeled O, in a second run, the
local brain activity as measured by PET mainly represents ! >O-labeled H,O pro-
duced by aerobic metabolism in the tissue, which is also freely diffusible. Since
the distribution of water between tissue and blood is known from the first run,
the production rate of '*O-labeled H,O and hence the rtCMRO may be calcu-
lated. Correction for the amount of unmetabolized oxygen bound to hemoglobin
is possible by measurement of local cerebral blood volume using !!C-labeled CO
or 130O-labeled CO as a hemoglobin marker (Lammertsma and Jones 1983). The
relation between rCMRO and rCBF gives the regional oxygen extraction rate
(rOER).

Studies in Normal Human Subjects

In normal volunteers, the average rate of cerebral glucose utilization is 29—
32 umol/100 g/min (Mazziotta et al. 1981; Heiss et al. 1984), as determined by
means of ®FDG and PET. Under control conditions (darkened laboratory and
low noise background during examination), the anatomy of the brain is reflected
in the metabolic activity of the transaxial cross sections. Individual metabolic
rates can be estimated by direct comparison with the shades of gray or with the
corresponding colors on the reference scale: The highest values are found in the
visual cortex (45-50 pmol/100 g/min) and in the striatum (42—46 pmol/100 g/
min). Values in other areas of the cortex, in the thalamus (3542 pmol/100 g/
min), and in the gray matter structures of the posterior fossa (25-30 pmol/100 g/
min), are much lower. The lowest LCMRGI is found in white matter (15—
22 umol/100 g/min).

Studies of oxygen consumption and regional blood flow have also demon-
strated comparable differences between gray and white matter: The mean value
of CMRO was determined to be 5.9 ml/100 g/min for gray and 1.8 ml/100 g/min
for white matter, while the mean rCBF values were 65.3 and 21.4 ml/100 g/min
respectively (Frackowiak et al. 1980). The rOER was 0.48-0.49 for both tissues.
Differences among various gray structures, as described for CMRGl, were not
observed with the 0 method, but this might be due to its low spatial resolu-
tion.

Age-related decreases of glucose metabolism and oxygen consumption ob-
served in preliminary studies (Frackowiak et al. 1980; Kuhl et al. 1982 c) were not
confirmed in recent investigations on larger groups of volunteers: In 40 selected
healthy men, neither the CMRGl of the whole hemispheres nor that of individual
brain regions correlated with age (Rapoport et al. 1983). Similar results were re-
ported by Metter et al. (1983) and Leon et al. (1983), but interregional correla-
tions of older volunteers differed from those observed in younger men (Metter et
al. 1983). The previously observed age-dependent changes in oxygen consump-
tion were not confirmed in a recent study by Frackowiak et al. (1981).
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Functional Activation During Sensory Stimulation

A number of studies (Greenberg et al. 1981; Phelps et al. 1982) have demonstrated
that local glucose metabolism increases during functional activation of the corre-
sponding brain structures. With visual stimulations, glucose metabolic rates rise
in the primary visual cortex; moreover, this increase is dependent on stimulus in-
tensity. For example, when the test person is given a complex scene to look at,
the increase is about 50% and spreads to the visual association cortex. With audi-
tory stimulation, different patterns are observed, depending on the modality of
stimulation.

Eliminating sensory stimuli either by blindfolding the eyes or stopping the ears
decreases the cerebral metabolic rate for glucose. The lowest metabolic rates are
observed with complete sensory deprivation, which is, moreover asymmetric, re-
vealing higher levels of activity in the left hemisphere. By blocking sensory input
from the outside and reducing brain activity in sleep, a decrease in metabolic rates
of between 10% and 20% compared with rates for wakefulness is found in all cor-
tical and basal gray matter structures (Fig. 3), although during dreaming, brain
metabolism is generally activated (Heiss et al. 1985).

Metabolic Disturbances in Dementia

Over the past few years, PET has contributed much to the understanding of
neurologic disorders (for reviews, see Phelps et al. 1982; Heiss and Phelps 1983).
Especially in cases of focal lesions, metabolic disturbances have been shown to
extend far beyond the site of the primary lesions, and to include morphologically
intact brain structures far away from the anatomical lesion. Decreased metabo-
lism is particularly striking in patients with small infarctions which, although
often undetectable by CT, are associated with extensive decreases in metabolic
rate (Fig.4). These remote metabolic effects may explain impairments which can-
not be directly ascribed to the focal lesion. They underlie the psycho-organic syn-
drome in stroke patients and influence the outcome of rehabilitation after a
stroke.

In disease such as dementia, where global impairment of brain function is
often combined with unspecific CT findings, the decrease in metabolic rate is also
generally diffuse and varies according to the severity of the psycho-organic syn-
drome. However, these metabolic disturbances are usually characteristic of each
disease and its typical pattern of spread. In degenerative dementia of the
Alzheimer type, cerebral glucose consumption is severely impaired (Fig. 5), even
in the early stages before cerebral atrophy can be documented by CT. Corre-
sponding metabolic changes are particularly pronounced in the parietotemporal
cortex (Foster et al. 1983; Kuhl et al. 1983). In senile dementia, impaired glucose
metabolism is evident in the frontal cortex (Alavi et al. 1982). In Pick’s disease,
the metabolic disturbance also afflicts the frontal lobe (Fig. 6). With multi-infarct
dementias, glucose uptake is reduced more or less in proportion to the severity
of clinical symptoms and in accordance with the multifocal destruction of cortical
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Fig.3. a Corresponding images of the local cerebral metabolic rate for glucose determined by
'8FDG-PET in slices across the basal ganglia of a healthy 37-year-old male, showing a nonselec-
tive decrease in glucose utilization during sleep (S) as compared with wakefulness (W). b Met-
abolic maps of 29-year-old normal volunteer’s brain slice showing generalized activation, most
marked in the insular region, visual cortex, and hippocampal formations during sleep with
dreaming (S) as compared with wakefulness (W) (from Heiss et al. 1985). Values on reference
gray scale are in pmol/100 g/min

tissue, as demonstrated by CT; energy metabolism is affected mainly in small, old
infarcts (Fig. 7).

In most patients suffering from dementia, CBF is decreased, but it has not yet
been possible to discern typical patterns for the various types of dementia. The
primary disturbance of flow in multi-infarct dementia and the primary impair-
ment of metabolism in degenerative dementias postulated by Hoyer et al. (1975)
has not been confirmed in PET studies (Frackowiak et al. 1981). In nine patients
with multi-infarct dementia and in 13 Alzheimer patients, regional flow and
oxygen consumption were similarly affected, and as a consequence, the rOER was
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Fig.4. Images of local cerebral metabolic rate for glucose at various levels above canthomeatal
line in a patient with small ischemic infarct in the left temporal lobe. Marked reduction of glucose
metabolism in the ischemic focus, but glucose metabolism is also decreased in morphologically
intact brain structures, e.g., homolateral cortex, thalamus, and contralateral cerebellum. Scale
asin Fig.3

Fig. 5. Images of local cere-
bral metabolic rate for glu-
cose at various levels above
canthomeatal line (indi-
cated in mm) in a patient
with primary degenerative
dementia of the Alzheimer
type. Note marked reduc-
tion of glucose metabolism
in parietal and temporal
lobe. Scale as in Fig. 3
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Fig. 6. Images of local cere-
bral metabolic rate for glu-

. cose at various levels above

canthomeatal line (indi-
cated in mm) in a patient
with probable diagnosis of
primary degenerative de-
mentia of Pick’s disease. In
addition to marked de-
creases of glucose metabo-
lism in parietotemporal re-
gions, there is also a pro-
nounced metabolic distur-
bance in the frontal lobe.
Scale as in Fig. 3

Fig.7. Images of local cere-
bral metabolic rate for glu-
cose at various levels above
canthomeatal line (indi-
cated in mm) in a patient
with multi-infarct dementia.
Glucose metabolism is fo-
cally decreased in several
circumscript ischemic le-
sions. Scale as in Fig. 3

not changed. Decreases in flow and metabolism were related only to the duration
and the severity of the mental impairment, but not to the type of dementia. An
increase in the rOER was never observed, and therefore, a “chronic ischemic syn-
drome” could be ruled out. Regional differences of oxygen consumption were ob-
served in both groups. In the vascular groups, disturbances were most prominent
in the parietal lobe, but the pattern was highly influenced by focal ischemic le-
sions. In cases of moderate degenerative dementia, focal abnormalities were most
frequent in the parietal and temporal lobe; in severe cases, disturbances were
found primarily in frontal regions, while the occipital lobe was least affected.
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Fig. 8. Images of local cere-
bral metabolic rate for glu-
cose at various levels above
canthomeatal line (indi-
cated in mm) in a patient
with Huntington’s chorea.
Glucose metabolism is se-
lectively impaired in the
caudate and the lentiform
nuclei. Scale as in Fig. 3

In Huntington’s chorea, the most conspicuous metabolic changes are found
in the basal ganglia, particularly in the caudate nucleus and putamen (Kuhl et al.
1982b) and reflect the severity of the clinical manifestations; even mild cases
showing no characteristic atrophy of the head of the caudate nucleus through CT
exhibit definite metabolic abnormalities (Fig. 8). The typical reduction of glucose
uptake in the striatum of Huntington patients’ family members may even allow
detection of the disorder before any clinical symptoms become apparent.

Metabolic disturbances in dementia are related to the impairment of mental
function: They may be the cause, but also the consequence of the brain’s altered
functional activity. In contrast to oxygen consumption and glucose metabolism,
the synthesis of proteins, which can be determined with *'C-labeled C-methyl-
methionine (Bustany et al. 1983), is not directly coupled to nervous system func-
tions. Decreases in protein synthesis of up to 40% for moderate and 62% for se-
vere cases of Alzheimer dementia again predominate in parietal and frontal re-
gions and could therefore be of pathogenetic importance.

These few examples of the application of PET to studies of local cerebral me-
tabolism only serve to give an idea of the vast potential of the method. Many or-
ganic compounds can be labeled with positron emitters, e.g., !'C, 13N, and '®F,
to allow quantitative imaging of such processes as the metabolism of various sub-
strates, protein synthesis, the function and distribution of receptors, tumor
growth, and the distribution of drugs. With *30, produced directly in a cyclotron,
local oxygen utilization can be measured. Simple compounds containing either
130 or other radionuclides (*!C, '®F), allow regional blood flow and blood vol-
ume to be determined quantitatively and three-dimensionally. All these applica-
tions of PET as a complex and yet noninvasive method grant insights into the
functional anatomy, physiology, and pathology of the human brain unmatched
by any other currently known technology.
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Novel Developments in the Neuropathology
of Senile Dementia of the Alzheimer Type



Are Neurons of the Human Cerebral Cortex Really
Lost During Aging?
A Morphometric Examination*

H. Haug!

Introduction

This description of the aging human brain centers on the biological or physiolog-
ical aspects of the aging process. All pathologic changes, including presenile de-
mentia, are omitted from the discussion.

Even today, some scientists are still of the opinion that increasing numbers of
neurons are lost during life. This belief is based on research published about 30
years ago, the basis of which was the work of Brody (1955). Brody himself ex-
pressed this theory of neuron loss in vague terms because his statistical basis was
too small to make definite statements. However, subsequent interpretations of his
work by other scientists and in the press have created the conviction that neurons
are lost throughout life.

Morphometry is the name given to modern and improving procedures of
measuring histologic sections. The data obtained in this manner can be trans-
formed into three-dimensional values with the help of stereological techniques
which were unknown 30 years ago (Haug 1979; Weibel 1979). These and other
new procedures now make possible more efficient methods of examining the ques-
tion of neuron loss and will also enable other important aspects of brain aging
to be described. The following observations concerning brain morphology can be
made:

1. Secular acceleration in body size leads to concomitant increases in brain vol-
ume for successive generations.

2. Modern procedures allow estimates not only of whole brain weight but also
of the volume fraction of gray and white matter for various parts of the brain.
With the help of stereology, it is possible to determine whether various parts
of the brain undergo changes in size at the same rate.

3. The effect of preparative techniques on morphometric results can be accu-
rately determined in order to correct the morphometric data evaluated and
achieve precise results for neuron density and size.

4. Because changes in the ultrastructure of the human brain are difficult to de-
scribe, they should be examined by means of electron microscopy. With this
method, tissue should be fixed as early as possible after death. However, this
is impossible with human brain material because dissection can be performed
only after a period of several hours after death.

* This investigation was kindly supported by the Deutsche Forschungsgemeinschaft (Ha 239, 13—
18) ‘
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Future developments in the preparation of specimens and techniques of mea-
surement can also be expected to lead to good ultrastructural results. Other inves-
tigations of aging have been performed by physiologists and behaviorists. Further
results gained through animal research can, with caution, be extrapolated to hu-
man aging. Some psychological investigations have also opened up new vistas on
human brain aging.

All these efforts to increase our knowledge of aging processes require highly
sensitive techniques and large quantities of material. This means that future inves-
tigations of aging in the human brain will be accompanied by increasing expense.
Both the extreme variability of human external and internal structures as well as
tissue changes affects results of aging behavior, a fact which also necessitates in-
vestigating a large amount of material in order to reach statistical significance.
This high variability has made it necessary to revise older measurements which
had been based on less material.

Material and Methods

Our investigations of the aging human brain require different types of material.
For details concerning the material used in this study to analyze the effect of sec-
ular acceleration and aging on brain size, see Haug (1984 b). This investigation
was based on the analysis of 24,000 brains.

Changes brought about by aging in various parts of the human brain are eval-
uated for 12 human brains up to 90 years in age. This relatively small base is at-
tributable to the high expense of this type of investigation (Eggers et al. 1984).

To examine alterations of neuron density and size, we used a large amount of
material. A total of five cortical areas were measured:

1. Area 6 in the frontal lobe, which has an extrapyramidal function and has re-
cently been designated the “supplementary motor area” by some investiga-
tors

2. Area 11 in the orbital part of the frontal lobe, which is linked to psychosocial
functions

3. Area 7 in the convexity of the parietal lobe, which is related to sensory and,
especially, speech analysis

4. The projection area 17, or visual cortex, in the occipital lobe

Area 20 at the basis of the temporal lobe, which probably plays a role in higher

integrative activities. Sharp localization of functions in this area is impossible

i

Morphometric analyses of neurons were performed on over 120 human
brains. A total of 230 single evaluations of brain areas have been made. Each
single evaluation resulted in measurements of 1,500-2,000 neurons for all layers.
Since details of how these analyses were carried out can be found in Haug (1979,
1982), it is sufficient here to note that each cell was measured over the drawing
mirror of a microscope with a computerized digitizer (KONTRON, MOP). This
investigation was performed over about 89 years.
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Effects of Techniques of Tissue Preparation on Morphometric Results

As the procedures used can greatly affect the results obtained, a brief description
of methodology is necessary. In this way, the considerable discrepancies in the lit-
erature concerning morphological aspects of the aging process might be ex-
plained.

Since remarkable change in volume can be observed during the preparation
(fixation, dehydration, embedding in paraffin wax, sectioning, and staining) of
tissue, we have systematically measured this alteration. Figure 1 shows that the
magnitude of these changes during methyl benzoate embedding depends on age.
The embedding shrinkage of brain tissue belonging to a young person is more
pronounced than for tissue from an older individual, probably because of the dif-
ferent water content.

The increased shrinkage of young tissue tends to compress the neurons on the
stained slide, resulting in higher cell density in the microscopic image. On the
other hand, the less pronounced shrinkage of tissue from aged individuals pro-
duces a lower neuron density. However, the cell density of both kinds of tissue
is distinctly higher than for fresh tissue. The difference in embedding shrinkage
between tissue specimens taken from individuals 20 and 75 years old amounts to
about 15%. Consequently, we observe a 15% lower neuron density in micro-
scopic images of tissue of the aged, making it necessary to estimate the degree of
shrinkage in order to be able to correct the primary results.

That embedding shrinkage is age-dependent was unknown to early investiga-
tors, who probably correctly counted the number of neurons, but erroneously
postulated neuron losses which were in fact caused by differences in the shrinkage
of brain tissue (Haug 1980; Sass 1982).

This fact shows that, as in other scientific disciplines, many findings are influ-
enced by the complex reaction of the tissue as a whole. Therefore, results may be
falsified if all aspects of the problem are not taken into account. Since it is possible
that investigators might not at present be aware of certain factors, erroneous find-
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ings may result despite the most conscientious efforts. It goes without saying, of
course, that we have made an effort to avoid all possible falsifying influences.

Influence of Secular Acceleration on Brain Weight and Aging

Secular acceleration is the increase in human body size from generation to gener-
ation. Developmental acceleration refers to the accelerated development of a single
individual, leading to earlier maturity. The latter process is probably caused by
increased standards of living. Because secular acceleration is virtually indepen-
dent of the living standards, it can be observed in many parts of the world (Haug
1984 D).

The increase in height due to secular acceleration amounts to about 1 mm/
year, meaning that mean body height is presently 10 cm greater than 100 years
ago. However, it must be noted that the average secular acceleration during the
last century represents only half that rate. Human body size remained constant
between the birth of Christ and about 1750 A.D.

The larger the body, the larger the brain. Brain weight increases by an average
of 0.6 g/year. This means that taking secular acceleration into account, the brain
weight of one generation is proportionately higher than that of the preceding gen-
eration as measured in youth. Brain weights during one investigation are nor-
mally determined within a short time span (transverse examination). Con-
sequently, older generations reveal lower brain weights than subsequent ones, but
this lower weight is not actually caused by brain shrinkage.

We have tried to calculate the fraction of the generational difference in brain
weights due to secular acceleration, with the aim of estimating the age at which
the weight of the human brain actually begins to diminish. Figure 2 shows that
the mean human brain weight is constant up to 60 years of age. After the 65 years
of age, we can observe a real loss in human brain volume. After the age of eighty,
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Table 1. Age-related change in volume of whole human brain and of brainregions expressed in %
of the main brain size of a 25-year-old and a 75-year-old person

Age groups Brain volume Change of volume in
of a 75-year-old as a 75-year-old relative
30-60 years 61-90 years compared with that to a 25-year-old

of a 25-year-old

Entire brain 100 100 94 -6
Entire cortex 48.4 49.3 46.6 — 4
Frontal cortex 15.6 14.5 13.6 —13
Parietal cortex 16.8 17.8 16.7 + 0
Substantia alba 31.0 30.8 28.9 -7
Basal ganglia 3.75 3.31 3.11 —-17

this loss amounts to about 8%-10% and is statistically significant
(Haug 1984 b).

At the same time, our results demonstrate that the onset of brain volume loss
is highly divergent. For instance, one can find extremely high brain weights in
very old individuals. This means that the onset and rate of aging events in the hu-
man brain differ widely from individual to individual.

Aging of Various Brain Regions

With the help of new morphometric procedures, we (Eggers et al. 1984) have mea-
sured the gray and white matter in different regions of the brain. Our results are
expressed in percentages on account of the large discrepancies in brain size. Cal-
culations of whole brain size were based on our estimates of the effects of secular
acceleration.

Table 1 summarizes the most important results. The entire brain of a 75-year-
old is, on the average, about 6% lighter than that of the average 25-year-old.
However, the 15% decrease in the weight of the frontal cortex (in front of the mo-
tor area) is not proportional. On the other hand, the regions involving sensory
and speech functions in the parietal and occipital lobes do not change in size. A
larger loss of volume during aging can be found in the central ganglia (thalamus
and corpus striatum). White matter also decreases in size.

To summarize, the various regions of the brain undergo different macroscopic
alterations during aging. This also applies to the cerebral cortex, where the frontal
cortex undergoes marked shrinkage during aging, whereas the parieto-occipital
cortex does not change in size.

Effects of Aging on the Neurons of the Cerebral Cortex
Morphometric assessments of the number and size of neurons in the aging cortex

must take into account the variability within a population. Figures 3 and 4 show
the variability in neuron density and size. Our estimates are based on measure-
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Fig. 3. Mean neuron density in areas 6, 11, and 17, expressed in 1,000/mm?3 (ordinate). In spite
of marked individuall variability, the significance of the age-related increase in density for
area 17 (visual cortex) is high (P=0.001). In areas 6 and 11, the significance of this increase is
P=0.01, while in areas 7 and 20, the variability is insignificant
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Fig.4. Mean size of perikarya in brain areas 6, 11, and 17, expressed as the projection area in
um? (ordinate). The decrease in size is highly significant, (P=0.001) for areas 6 and 11, significant
(P=0.05) for area 17, barely significant (P=0.1) for area 20, and insignificant for area 7

ments of at least 50 brains in each area, except for area 20 of the temporal cortex,
for which measurements of only 20 brains are provided.

All cases with pathologic or psychologic alterations were eliminated from our
study in order to focus on biological aspects of aging. A surprising observation
was that neuron density does not diminish during aging, after allowing for em-
bedding shrinkage (Fig. 1). All the results of the microscopic morphometry dis-
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cussed here are based on fresh or unfixed human brain. Therefore, the neuron
densities represent the actual number of neurons in living brain tissue for the
brain areas examined (Haug 1984 a; Haug et al. 1983; Haug et al. 1984).

It is striking that, with age, some areas show an increase in neuron density per
mm?3. This is primarily true of area 6 (extrapyramidal cortex). On the other hand,
we found that macroscopically speaking, this area decreases in size. The increase
in density is probably connected with this decrease in volume. This question is dis-
cussed further.

Figure 3 compares the neuron density of three of the five evaluated areas.
Areas 7 and 20, which are not shown here, show the same tendencies as area 11.
An increase in neuron density with age can be observed in all areas except areas 7
and 20.

Perikaryon size shows different tendencies. Figure 4 demonstrates the changes
in neuron size for three brain areas. Area 6 exhibits a striking degree of diminu-
tion of neuron size with age. Area 17 shows a lower, though still statistically sig-
nificant reduction in size, while area 7 shows little diminution of neuron size.

A first glance at area 11 (psychosocial functions) reveals similarities to area 6.
However, the decrease in neuron size does not occur continuously. Figure 5 dem-
onstrates this by illustrating the reduction in cell size occurring with age. Cell area
remains constant up to age with a slight increase possible around age 50. After
60 years of age, mean size shrinks noticeably. We feel that our results are valid,
in view of the fact that 70,000 neurons were examined.

As far as neuron density and size are concerned, area 20 shows a pattern simi-
lar to that of area 11, despite the fact that only 20 brains were studied. It is prob-
able that the neurons in this area also diminish in size after 60 years of age.
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Fig. 5. Mean size of perikarya in a typical layer (layer ITIa) of area 11, as expressed by an empiri-
cal regression (Peil and Schmerling). The graph demonstrates that neuronal shrinkage can be
clearly observed only after 60 years of age. The tendency toward an increase in area from age
50-60 is not significant
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The higher parietal cortex (area 7) and the visual cortex (area 17) reveal de-
creases in nerve cell size that remain relatively small until old age, with a shrinkage
amounting to about 10% in volume. Area 6 undergoes a mean volume decrease
of 30%—-35%, while areas 11 and 20 are diminished by between 10% and 30%.

Figures 4 and 5 do not demonstrate how the different neuron sizes contribute
toward the overall reduction in mean projection area. This is illustrated with the
size distribution graphs in Fig. 6. The five graphs show the overall neuronal size
distribution for 12 size classes expressed in curves of sum frequencies. Such curves
can answer further questions concerning the degree and rate of age changes for
different sizes of neurons. The total number of cells analyzed for each curve cor-
responds to 100%.

The scales of the cortical areas studied vary as to the arrangement of size dis-
tribution according to differences in mean neuronal size. Steep sections of the
curves indicate that the corresponding size classes contain many cells, while flat
sections describe classes with few cells. The curves in one graph depict three age
groups. The curves lying more to the right are based on larger cell size distribu-
tions and, vice versa, the curves at the left are based on smaller ones. The distance
between the curves expresses the difference in size between the projection area of
neuronal sizes for the various age groups.

The large distance separating the age curves for area 6 means that cell size di-
minishes continuously for all size classes in the three age groups. The curves for
area 7 show that only a very small decrease in cell size takes place during the aging
process. Area 11 exemplifies yet another pattern. Cell size remains nearly un-
changed up to age 65, after which a distinct decrease in size can be observed. This
accords with the distribution of mean sizes shown in Fig.5. The visual cortex,
with its relatively small cells, shows a slight, but continuous decrease in cell size
with age.

The graphs in Fig. 6 demonstrate that the decreases in size undergone by cells
in one area of the brain during aging are similar. After evaluating 20 brains, we
believe that area 20 of the temporal cortex shows aging patterns similar to those
seen in area 11 (Nass 1985).

Similar observations regarding neuron size have been made by Uemura and
Hartmann (1978). Our own examinations involve the various layers of the cere-
bral cortex. Though some smaller discrepancies can be observed, they have no im-
plications for our view of the aging process.

Total Number of Neurons in the Human Cerebral Cortex

The neuron density and cortical volume of which it was possible to calculate from
individual brain weights allow an estimation of the total number of neurons in
the whole cortex. Cortical volume, in turn, amounts to about 47.5% of the total
brain (Schlenska 1969; Haug 1970; Eggers et al. 1984).

Figure 7 shows that the number of neurons varies considerably. It should be
noted here that Fig. 7 records only those brains for which values based on two
or more areas were available. The mean number of neurons in the human cerebral
cortex totals 13.9x 10° (billions), with a range of between 10 and 20 x 10°
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Fig.7. Total number (in billions) of neurons in the entire human cerebral cortex (ordinate). Each
mean value contains values for at least two areas. The values are calculated according to normal-
ized mean density; the weight of cerebral cortex represents 47.5% of the average whole brain.
Total number of neurons does not appear to change with age

neurons. We cannot discern any tendency for the number of neurons to diminish
with age, but it must be noted that the decrease in brain size is counterbalanced
by an increase in neuron density (Fig. 3).

In summary, the following statement is possible: the total number of neurons
in the human cerebral cortex does not change during the aging process, if all
pathologic material is excluded from consideration. However, this result is not
representative of brain regions other than the cortex. Furthermore, it is probable
that pathologic material reveals degeneration, as for example, in Alzheimer’s de-
sease (Terry 1983).

Aging of Cortical Ultrastructures

The analysis of the ultrastructure covers the entire neuron, including the peri-
karyon, dendrites, neurites, synapses, and glia with processes and vessels, and im-
plements high-power images, usually produced by electron microscopy. Method-
ologically the morphometry of these structures has not yet been satisfactorily re-
solved. Two procedures are important. However, because of the effort involved,
they have not been used very frequently:

1. The neurons and their processes can be stained by Golgi staining with silver.
In conjunction with light microscopy, this stain reveals that the larger den-
drites have spines representing a kind of synaptic contact from neuron to
neuron. It is possible to count this type of synapse. Marin-Padilla and Marin-
Padilla (1982), Scheibel and Scheibel (1978), Schierhorn (1978), and Schonheit
and Schulz (1978) have shown that the number of spines decreases with age,
bringing about a concomitant decrease in the numbers of synaptic contacts.
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Some investigations suggest that the reduction in synaptic contacts is accom-
panied by a decrease in functional ability (see below). However, it should be
mentioned that at present little research on this issue has been done.

2. Contrary to the autolysis of other ultrastructural components, it is possible to
stain the synapses in the human brain for electron microscopy with a phospho-
tungstic procedure. Huttenlocher (1979) has found out that the density of
synapses decreases slightly with age. With this procedure, it is possible to ex-
amine more types of synapses than with light microscopy, which reveals only
spine synapses.

Such examinations should be increasingly used in the future, on the grounds
that the slight aging changes discovered by light microscopy force us to look more
closely for age changes at the ultrastructural level, especially those involving
synapses, neuronal processes, and vessel walls.

Uemura and Hartmann (1978) and Higatsberger et al. (1982) report a loss of
DNA and other neurochemical substances in the nerve cell bodies of human
brain. Carlsson (1981) found a slight decrease in neurotransmitter levels, which
are sometimes diminished at an increasing rate after 60 years of age.

Aging and the Human Brain: New Insights

These and other developments have led to new insights in our understanding of
morphological and functional changes taking place in the human brain during the
aging process:

1. Morphometric results of macroscopy and light microscopy show that, up to
60-65 years of age, no or only small changes occurring as a result of aging can
be observed in the human cerebral cortex with the exception of area 6, see
point 2. It should be pointed out that this is a statement of statistical probabil-
ity, meaning that, on an average, the onset of morphological age changes in
the human cortex may be expected to occur around age 60-65. However, on
an individual basis, the age at which such alterations may occur varies. The
time of onset and speed of aging probably depend on a genetic program.

2. Aging differs in time, extent, and rate for the gray matter of different regions.
Aging changes in area 6 of the human cortex begin very early (Between the
ages of 25 and 40 years). Those taking place in the visual cortex (area 17) and
the parietal lobe (area 7), which play a role in sensory processes, begin late in
life, as revealed by macroscopic and microscopic morphometric examina-
tions.

Psychosocial functions regulated by the orbital part of the frontal lobe
(area 11) exhibit special traits. Neuron measurements do not show changes un-
til retirement age. After the age of 65, pericaryon size diminishes noticeably.

3. At present, the effects of aging changes in the ultrastructure of the human cor-
tex are too slight to have been convincingly demonstrated. However, prelim-
inary examinations suggest that the density of synapses decreases with advanc-
ing age, though details of how this occurs remain unknown (see point 4). It is
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to be hoped that more studies using ultrastructural techniques will broaden

our knowledge in this field.

4. Experiments with aged rats have shown that environment exerts a strong in-
fluence on the aging process (Connor et al. 1981, 1982; Diamond and Connor
1982). Rats identical in age were housed in a narrow cage comparable to the
restrictive environment of a home for the elderly. After a certain amount of
time had elapsed, they showed a considerable loss of spine synapses in the ce-
rebral cortex. On the other hand, rats of similar age and breeding which are
put into large cages with an enriched environment together with rats of other
ages reveal no loss of spine synapses after the same period of observation.
This finding suggests the following conclusion: the use of cortical neuronal
connections permits conservation of these structures and their functions. This
is not a new statement, as it is well-established, for example, that muscles
which are not used undergo atrophy.

5. Itis well-known in human psychology that work and activity help to conserve
mental ability, while an impoverished environment (like certain inferior homes
for the elderly), by imposing a life of relative inactivity, leads to atrophy of
brain structures.

6. Our own results demonstrate that the extrapyramidal human cortex (area 6)
begins to age relatively early, as a result of a decrease in motor activity. On
the other hand, the sense organs continue to be used, even in old age or in an
environment of poor quality, which permits long maintenance of structure and
function. With such findings in mind, we can more easily grasp the observa-
tions regarding area 11 in the basal frontal cortex, which are related to psy-
chosocial functions. Cortical structures are preserved until retirement age.
After retirement, the need for preservation diminishes and, consequently, one
can begin to observe changes in the cortical structure.

7. The genetically determined timetable of age changes occurring in various parts
of the cerebral cortex is slowed or accelerated, depending on the degree to
which brain functions are put to use. With this in mind, we can understand
why individuals who work beyond the normal retirement age retain their men-
tal faculties into old age. Political leaders in a number of countries are ex-
amples of this.

8. Some studies have shown that metabolic changes also occur during aging (Ul-
fert et al. 1982; Sarkander et al. 1982).

The current discussion in the Federal Republic of Germany regarding the ap-
propriate age for retirement shows little concern for the aged. However, the indi-
vidual’s own experience and the observations of science make us realize that the
normal working life should be extended. In the USA, some changes have been
brought about as a consequence of this viewpoint. The enormous changes taking
place in the workplace compel us to find new solutions concerning the length of
our working life. I think retirement age should be very flexible, so that it can be
adapted to the capabilities of the individual. Furthermore, it should not be for-
gotten, that, in a few years, the age groups beginning their working life will be
very small, according to demographers. This will probably lead to the extension
of the normal working life, because the problem of financing retirement pensions
will provide additional incentives for a longer working life.
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Senile Dementia of the Alzheimer Type:
Morphological and Immunocytochemical Studies*

J.P. BrRiON!, P. vAN DEN B0sCH DE AGUILAR?, and J. FLAMENT-DURAND !

Introduction

Although recent progress in the isolation of neurofibrillary tangles (NFT) has
been made (Thara et al. 1983; Igbal et al. 1984), little information is available on
the biochemical nature of NFT, their precise relationship with neuron organelles
and their etiopathogenesis. Difficulties in carrying out the biochemical analysis
of NFT until now have been attributed to their unusual insolubility (Selkoe et al.
1982), although this property also seems a matter of debate (Igbal et al. 1984).
Ultrastructural studies have also clearly pointed out their unique morphological
features (Terry 1963; Kidd 1963). Immunohistochemistry offers an interesting ap-
proach, since well-defined antibodies reacting with NFT in tissue sections (An-
derton et al. 1982; Gambetti et al. 1983) have recently been described.

We have employed light and electron microscopy to undertake immunocyto-
chemical studies of NFT, using antibodies raised against cytoskeletal proteins
and an antibody raised against isolated NFT, as described by Ihara et al. (1983).
We have tried to correlate, on morphological grounds, lesions such as senile
plaques (SP) and NFT with the described impairment of the cholinergic system
in senile dementia of the Alzheimer type (SDAT) (Davies and Maloney 1976). We
are also investigating the consequences of implantations in animals of SDAT
brain tissue, in the hopes of finding a valid animal model of SDAT.

Material and Methods

Ultrastructural Studies

Brain biopsies from the frontal lobe of patients with SDAT were observed by
transmission electron microscopy (TEM). Fractions enriched in NFT were pre-
pared from brain taken postmortem from patients with SDAT, according to a
modified Selkoe’s procedure (1982). They were studied by TEM after negative
staining before and after treatment with sodium dodecyl sulfate (SDS) as well as
after rotatory shadowing with platinum iridium.
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Implantation Studies

Small tissue blocks containing NFT taken from the cortex of a SDAT patient
were transplanted into the occipital cortex of 7-week-old rats according to the
method of Das et al. (1979). Fragments of normal brain from an elderly patient
were used as a control. After 8§ weeks, the brain was removed and processed by
routine methods for light and TEM studies.

Antigen and Antibody Preparations

NFT were prepared by the procedure of Ihara et al. (1983) and injected in rabbits.
Microtubule proteins from rat and human brain were prepared by the assembly-
disassembly method (Shelanski et al. 1973) and microtubule-associated proteins
(MAP) by the method of Fellous et al. (1977). After electrophoreses on SDS-poly-
acrylamide gel, gel slices corresponding to high molecular weight MAP 2 and tau
protein were homogenized and injected into rabbits. The sera were checked by im-
munocytochemistry and immunoblotting. Human brain filament fractions,
mainly containing the three components of neurofilaments (NF) and the glial fi-
brillary acidic protein (GFAP), were prepared according to Chiu and Norton
(1982). The anti-GFAP was kindly supplied by Lowenthal (UIA) and the anti-
tubulin by De Mey (Janssen Pharmaceutica).

Immunohistochemistry

Hippocampal and cortical tissue blocks from SDAT and normal patients were
fixed in 10% formalin and embedded in paraffin. Other blocks were fixed in 4%
paraformaldehyde, and thick sections were obtained using a vibratome. The
peroxidase—anti-peroxidase method of Sternberg (1979) was used for immunohis-
tochemistry. For immunoelectron microscopy, postmortem material, fixed in 4%
paraformaldehyde and 0.5% glutaraldehyde, was embedded in Epon and pro-
cessed by the immunogold staining method (De Mey et al. 1981). Isolated NFT
were labeled by the same method. In addition to the usual immunohistochemical
and antibody controls, absorption studies were conducted as follows: overnight
preincubation at 4 °C of the antibody with the antigenic preparation under inves-
tigation, centrifugation at 100,000 g for 60 min, and use of the final supernatant
as “primary”’ antiserum.

Histochemistry

Tissue blocks (hippocampus and cortex) were fixed as suggested by Rossor et al.
(1982) and cryostat sections stained for acetylcholinesterase (ACE) according to
the protocol of Tsuji (1974). (The sulfide deposits were intensified by the use of
silver nitrate.) Ethopropazine was included in the incubation medium to inhibit
nonspecific cholesterase.
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Fig.1A,B. Anti NFT labeling (PAP method). A Paraffin-embedded temporal lobe of SDAT,
counterstained with Congo red. The antibody selectively labels the tangles and the abnormal
neurites surrounding the central core of the plaque. Note that this amyloid (*) is not labeled.
B Section (50 pum thick) obtained with a vibratome: labeling of the tangles in the pericaryon and
in the cell processes
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Results

Our TEM observations of brain biopsies have confirmed the well-known lesions
of SDAT. The NFT were observed at both pre- and postsynaptic sites and, occa-
sionally, in myelinated fibers. NFT-containing neurites are practically devoid of
normal neurotubules and demonstrate a pronounced accumulation of dense, os-
miophilic bodies, lysosomes, and altered mitochondria (Flament-Durand and
Couck 1978). Spongiform alterations similar to those observed in Jakob-Creutz-
feld disease have also been observed.

The preparation of NFT-enriched fractions has allowed better visualization
of the ultrastructure of paired helical filaments (PHF) by negative staining and
shadowing. This has revealed a protofilamentous substructure (at least six proto-
filaments, each of them 2 nm wide) in PHF exhibiting a right-handed helix every
80 nm (Brion et al. 1984).

The graft of SDAT brain tissue induces some modifications in the rat cortex,
including an intense, fibrous, astrocytic reaction; occasionally, twisted filaments
were found in the bundle of normal filaments of these glial processes (van den
Bosch et al. 1984). An activation of fibrillary astrocytes around the SP and in the
vicinity of NFT is also clearly shown in human tissue by anti-GFAP labeling (Fla-
ment-Durand et al. 1983).

The serum obtained from rabbits immunized with isolated tangles (anti-NFT)
labeled NFT only on paraffin sections. Numerous fine neurites were also detected
in affected areas. The immunohistochemical labeling seemed to detect NFT at

Fig.2. Anti-NFT labeling of some neurons of the nucleus of Meynert (paraffin-embedded tissue)
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Fig.3 A,B. Anti-NFT labeling in TEM (immunogold stainind method). A Labeling of the tangles
in a tissue section. B Labeling of the isolated tangles
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least as efficiently as Congo red or silver staining performed on adjacent sections.
Many plaques were also detected by the labeling of their periphery, while their
central amyloid core, which remained unlabeled, was demonstratable by Congo
red counterstaining (Fig. 1 a). The same observations were made on thick human
vibratome sections, which allowed a more stereological view of the affected
neurons (Fig. 1 b). NFT were detected not only in the Ammon’s horn and the tem-
poral and frontal cortex, but also in the nucleus basalis and septal nuclei (Fig. 2).
With TEM, the tangles were the only structure recognized by anti-NFT on tissue
sections (Fig.3a) (Brion et al. 1985). PHF isolated in SDS were labeled by anti-
NFT (Fig.3b). No consistent labeling of NFT was obtained with the antisera
against either MAP 2 or tubulin, although normal neurons adjacent to NFT were
labeled.

Interestingly, we observed labeling of NFT with anti-tau antiserum in tissue
sections: the pictures obtained with this antibody are very similar to those ob-
tained with anti-NFT (Fig.4). Labeling of NFT was also observed on tissue sec-
tions with TEM. However, the anti-tau antiserum was not capable of labeling the
PHF isolated in denaturing conditions at the TEM level. Results of the absorp-
tion experiments of anti-NFT are summarized in Table 1. No absorption was ob-
tained with human brain filaments or liver homogenate for the range of protein
concentrations tested. Anti-NFT was absorbed with isolated tangles or brain ho-
mogenates taken from SDAT patients. It was only moderately absorbed with
brain homogenates taken from young patients without neurologic lesions. A
complete absorption was however observed with high protein concentrations of

Fig.4. Anti-tau labeling of NFT in some neurons of the temporal cortex (paraffin-embedded ma-
terial)
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Table 1. Absorption studies of anti-NFT

Sex Age Proteinsused Tangles Decreasein
(years) inabsorption/ in tissue immuno-
mlantibody®  blocks® labeling®

SDAT brain tissue F 86 5mg (1) ++ ++++
(temporal cortex)
Down syndrome brain tissue M 50 5 mg (2) +++  ++++
(temporal cortex)
Control cases (temporal cortex) F 31 8.5 mg (1) /=1 +
21.5 mg (2) /=1 +
F 38 22 mg (1) /=1 +
M 50 25 mg (1) /=] ++
F 86 10 mg (1) /=] ++
25 mg (1) [—/ ++++
F 84 4 mg (1) /= 0
25 mg (1) /=] +++
F 8l 75mg(l) [—/ +
F 83 25 mg (1) /—/ +++
M 88 25 mg (2) rare ++++
F 86 25 mg (1) (+) ++++
M 82 25 mg (1) /—/ ++++
Rar brain 6 months 12 mg (1) / 0
Rat liver 6 months 83 mg (1) / 0
Isolated NFT F 83 47 ug (2) ++ ++++
Human brain filaments M 81 250 pg (1) /=1 0
Human microtubule F 38 2.3 mg (1) /=] ++++
Rat MAPs 3months 200 pg (1) / +++

* Number of experiments are listed in parentheses
® /—/, absent; +, few; + +, numerous; + + +, very numerous
¢ 0, null; 4+, moderate; + +, partial; + + +, pronounced; + + + +, total

brain homogenates from aged normal brain. Congo red staining of sections ad-
jacent to the tissue blocks used for absorption did not reveal NFT. Absorption
was also observed with the preparations of rat MAP and human total micro-
tubule proteins. The histochemical detection of ACE in the human hippocampus
was drastically reduced in some cases of SDAT (Fig. 5). This was paralleled by
marked decrease in ACE-positive fibers in the fimbria. Some SP were detected
owing to their ACE-positive staining. These positive SP, which sometimes con-
tained an amyloid core, were especially frequent in the molecular layer of the
gyrus dentatus. In other sectors, e.g., the subiculum areas, which occasionally
contained many plaques both with and without amyloid, as judged from silver im-
pregnations on adjacent sections, the SP were not ACE-positive.

Discussion

TEM observations of brain biopsies makes possible the enhancement of unusual
data such as the presence of NFT in postsynaptic sites and in myelinated fibers.
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Fig.S. Cryostat section of SDAT brain stained for ACE. Detection of ACE in some of the
plaques close to the gyrus dentatus

The axoplasmic flow appears to be impaired, as demonstrated on morphological
grounds, by the loss of microtubules and the accumulation of altered organelles
in NFT-containing neurites (Dustin and Flament-Durand 1982). These alter-
ations of the axoplasmic flow, either primary or secondary to the presence of
NFT, certainly contribute to the impairment of neuronal function. The presence
of spongiform alterations (Flament-Durand and Couck 1979) similar to those ob-
served in Jakob-Creutzfeld disease might support the hypothesis of the possible
role of a transmissible agent in the genesis of SDAT (Gibbs and Gajduzek 1978).
A case can also be made for the role of a transmissible agent or neurotoxic factor
on the basis of the glial cytoskeletal anomalies observed after implantation of
SDAT cortex in rat cortex (van den Bosch et al. 1984).

The ultrastructural features of PHF differentiate them from normal constitu-
ents of the cytoskeleton (Brion et al. 1984). Similarly, immunohistochemical stud-
ies on human brain tissue with anti-NFT reveal the latter’s lack of reactivity with
tissue components other than NFT, a finding also shown by Thara et al. (1983).
Clearly, the amyloid central core of some SP differs from NFT on both immuno-
logic and ultrastructural grounds, although they both exhibit birefringence after
Congo red staining, a property that is possibly related to their beta-pleated con-
figuration. These observations were extended at the TEM level in tissue sections
of postmortem material. The PHF are the only structures recognized by anti-
NFT. We were still able to obtain labeling in TEM of PHF isolated after dena-
turing treatment (i.e., under conditions in which it is hoped that all normal fibrous
proteins are removed), confirming that this antibody recognizes at least selec-
tively some antigens characteristic of PHF.
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The labeling of NFT with anti-tau was confirmed at the TEM level on tissue
sections, but not on PHF isolated in denaturing conditions. Rasool et al. (1983)
and Ihara et al. (1983) also have shown that antibodies against NF proteins which
labeled NFT in tissue sections failed to react with them after SDS treatment, sug-
gesting that these antibodies are able to detect antigens not inherent to PHF but
possibly, belonging either to normal fibers trapped in NFT or to a moderately sol-
uble, abnormal fibrous structure.

The notion that our anti-tau can recognize antigens on microtubules inter-
mingled with PHF can be discarded, since TEM revealed no microtubules in the
labeled tangles. PHF and tau proteins thus might well share antigenic determi-
nants, although the former possess inherent antigens (demonstrated by anti-
NFT). Normal microtubules contain tau proteins, and the latter remain associ-
ated with tubulin and other MAP in a constant ratio through several cycles of as-
sembly and disassembly (Cleveland et al. 1977). In rat, tau proteins are composed
of four types with an apparent molecular weight of between 52 and 69 kd. Inter-
estingly, Grundke-Igbal et al. (1979) and Yen et al. (1981) have obtained labeling
of NFT with antisera raised against microtubule proteins. Polyacrylamide gel
electrophoresis of PHF preparations (Igbal et al. 1984) have shown protein bands
in the range of 45-62 kd. Antibodies prepared with these isolated NFT (Grundke-
Igbal et al. 1984) labeled NFT in tissue sections and were absorbed with an iden-
tically prepared fraction from a normal brain, suggesting that a PHF-like antigen
occurs in normal brain.

Our absorption studies suggest the existence of a PHF-like antigen in normal
aged brain, possibly present in the MAP fraction. The significance of the labeling
with anti-tau is a puzzling question. Qualitative and quantitative variations in tau
proteins related to the maturation of the microtubule system are known to occur
in rat during brain development (Mareck et al. 1980). The possibility that such
variations might occur in aging human brain deserves attention and might ac-
count for our immunohistochemical results. In any case, these immunohisto-
chemical results emphasize the relation of NFT to the neuronal cytoskeleton.

It has recently been proposed that all the degenerating neurites constituting
SP are cholinergic axons of the nucleus basalis of Meynert and the septum
(Struble et al. 1982). This would be reflected by the positive histochemical detec-
tion of ACE in “primitive” SP, whereas “end-stage” SP with an amyloid core fail
to be detected by this method. ACE staining of some SP in the hippocampus has
also been described previously by Perry et al. (1980). At the level of the hippocam-
pus, we have confirmed that some SP are detected by the histochemical reaction,
although predominantly in certain areas such as the molecular layer of the gyrus
dentatus. In other areas (subiculum), SP without an amyloid core were not often
detected by ACE staining. This might suggest that the neuritic constituents of SP
do not all originate exclusively in basal brain areas. Using the Golgi method,
Probst et al. (1983) have observed that local neurons of the hippocampus might
participate in the formation of SP.

In conclusion, our results indicate that the abnormal filaments wich constitute
the most distinctive lesion in SDAT exhibit unique morphological features which
differentiate them from normal constituents of the cytoskeleton. To understand
better their biochemical nature and etiopatholoy, more studies are needed.
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